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ADVERTISEMENT 
OFTHE - 
+R ANODI D'OR 


TO THIS FIFTH EDITION. 





HE very high character which the late 
celebrated Mr Lavoifer has fo defer- 
vedly acquired as a chemical philofopher, 
and the great revolution which he, princi- 
pally, has effected in the theory of chemi- 
ftry, had long made it greatly, defired, by 
all cultivators of phyfical fcience, to have a 
connected account of his difcoveries, and 
thofe of other chemical philofophers, on 
which his opinions are founded, together 
with an accurate expolition of the new 
theory, or rather of the regular concatena- 
tion of faéts, which he has eftablifhed, in 
confequence of thefe difcoveries made by 
himfelf and others. For the performance 
of this arduous undertaking, no one could 
be better qualified than Mr Lavoifier him- 
À 3 MIE : 
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felf: He was not only thoroughly conver- 
fant in the difcoveries of other philofophers, 
having, with infinite pains, repeated all their 
important experiments, and fo varied moft 
of them, as to bring their refults into a much 
clearer view, but was himfelf the author 
of many important difcoveries. The hifto- 
ry, therefore, of thefe difcoveries, and their 
proper arrangement, for conveying an ex- 
act idea of the new theory which he had 
deduced from them, could not, certainly, 
have been given to the world fo well, or 
with fo much propriety, by any other per- 
fon. 

This great defideratum, in the hiftory and 
{cience of chemiftry, was accomplifhed in 
the year 19780, by the publication at Paris 
of thele Elements of Chemifiry by Mr Lavoi- 
fier ; and a copy of that excellent work ha- 
ving foon after fallen accidentally into the 
hands of the Tranflator, he was eager to 
give it to the public in Englifh. He has 
received infinite fatisfaction from the fa- 
vourable reception experienced by his firft 
attempt to merit the favour of the public ; 
and whatever hefitation he may have ori- 
ginally felt, on a firft appearance, even in 

the 
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the character of a Tranflator, fo manÿ edi: 
tions having been rapidly éxhaufted, is fuf- 
ficient inducement to repeat the impreflions 
as called for. 

A new edition of the original having 
been announced at Paris, in the winter 
17092-3, expectations were formed that the : 
illuftrious Author might have made confi- 
derable improvements ; but, from a corre- 
fpondence with Mr Lavoifier, the Tranfla- 
tor is enabled to fay, that the néw edition, 
having been printed without his knowledge, 
is entirely a tranfcript from the former. 

The Tranflator has been much impor- 
tuned by his friends, to publifh the letter 
he had the honour of receiving from the 
illuftrious Author of this book. After 
withholding it in the three laft editions, he 
now ventures to annex it to this advertile- 
ment ; but thinks it moft decorous that it 
fhould remain in the French. 

In the original of thefe Elements, the 
thermometrical fcale of Reaumeur is em- 
ployed, for defcribing the degrees of tem- 
perature in the various experiments: In 
all the editions of this tranflation after the 
firft, thefe degrees have been uniformly 
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transferred into their correfponding de- 
grees on the fcale of Fahrénheit, which 1s 
univerflly ufed by Britifh philofophers. 
The centigrade fcale, originally employed 
in Sweden, is certainly preferable to all 
others, and is now common in France. In 
the appendix to the fecond volume, No. IV. 
rules are given for reducing the fcales of 
the moft generally ufed thermometers into 
each other. 

The weights employed by Mr Lavoïfier, 
for detailing the ingrédients and refults of 
his various experiments, are, in the origi- 
nal, exprefléd in the cuftomary aliquot parts 
of the old Paris pound, poids de marc, which 
is divided very différently from the Englifh 
pound, either troy or avoirdupois. To ren- 
der thé weights detailed in thefe experi- 
ments fully intelligible to the Britifh reader, 
they are all, fince the fecond edition, redu- 
ced to decimal fractions of the pound, which 
will ferve for all denominations, and ought 
to be univerfally ufed in fcientific labours. 

fn the courfe of the: tranflation, feveral 
explanatory notes are added, principally for 
the purpofe of rendering the doétrines of 
the Author more readily underftood by be- 

ginners, 
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ginners, and by thofe who have only been 
accuftomed to the old language of chemi- 
ftry. In confequence, however, of the per- 
fpicuity of the Author, much fewer of thefe 
were found neceffary than might have been 
expected, confidering the comprehenfive na- 
ture of the work. It was intended by the 
Author to convey a general view of the 
new chemical theory, rather than to give 
a fyftem of chemiftry : yet, fuch is the ex- 
cellence of its plan and execution, that, 
with thefe limited intentions, it is the beft 
body of chemical philofophy extant. 

In à finall number of places, the Tranf- 
lator has taken the liberty of throwing to 
the bottom of the page, in notes, fome pa- 
renthetical expreflions, not directly connect- 
ed with the fubjeét ; which, in their origi- 
nal place, feemed rather to confufe the fenfe 
of the pafages in which they ftood. Thefe, 
and the original notes of the Author, are 
diftinguifhed by the letter À ; and to thofe 
which the Tranflator has ventured to give, 
the letter T is fubjoined. 

Some very material additions have been 
made by the Tranflator, in the various edi- 
tions, relative to fuch difcoveries as have 

taken 
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taken place in different parts of chemiftry 
fince the publication of the original ; but as 
thefe are all diftin@tly marked in their pro- 
per places in the courfe of the work, it is 
not neceflary to particularize them here. 

The additions which have been made to 
this fifth edition, have been fo numerous, as 
to make it neceflary to divide the work, as 
in the original, into two volumes. A co- 
pious index is now firft added. 

Had not the illuftrious Author been cut 
off, in the full vigour, and fplendid yet fo- 
lid career, of his philofophical purfuits, by 
the monfter who tyrannized over France, 
and convulfed the world by his enormous 
crimes, his intended republication of this 
work, on a new plan, as mentioned in his 
letter to the Tranflator, would affuredly 
have given the world a very perfect {yftem 
of chemiftry in all its parts. In the rapid- 
ly advancing ftate of chemiftry, not, alas ! 
to compenfate the irreparable lofs of the 
juftly famous Author, the Tranflator has 
dared to attach fome notices of thofe pro- 
gréflive improvements to the text of thefe 
Elements ; together with fome additions at 
the end, of which he was not pollefled of 

information 
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information while the prefent edition was 
in progrefs. All of thefe are carefully di- 
ftinguifhed, left any efcapes from his own 
imperfect knowledge fhould derogate from 
the high and merited fame of his immortal 
Author. May thefe endeavours, to aid the 
progrefs of chemical fcience, be acceptable 
to the indulgent public, as his humble, yet 
willing tribute, to the immortal memory of 
the great Lavoïfer! 

In the original, Mr Lavoifier gave, in an 
appendix, feveral very ufeful tables, for fa- 
cilitating the calculations now neceflary in 
the advanced ftate of chemiftry, wherein 
the moft fcrupulous accuracy is required. 
Thefe are now as indifpenfably requifite to 
the operations of the chemical philofopher, 
as the Ephemerides, and Nautical Alma- 
nacs, and Logarithmic Tables, are to the 
Navigator, Aftronomer, and Geometrician. 
Thefe tables are all retained in this tranfla- 
tion, being, however, reduced to the ftand- 
ards of Britifh weights and meafures, with 
appropriate rules for making the neceflary 
converfions from the weights and meafures 
of old France, as ufed by the Author : And 
the Franflator is proud to acknowledge his 

obligations 
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obligations to the learned Profeflor of Nas 
tural Philofophy in the Univerfty of Edin- 
burgh, and to his friend Dr Rotheram, for- 
merly Affiftant to the late iluftrious Dr 
Black, Profefor of Chemiftry in the Uni- 
verfity of Edinburgh, and now Profeflor of 
Natural Philofophy in the Univerfity of St 
Andrew’s; both of whom kindly fupplied 
him with the neceflary information, and 
took the trouble of making a number of ve- 
ry laborious calculations for this purpofe. 
With the fame obliging afliftance, feveral 
very ufeful additional tables have been gi- 
ven in the appendix, which need not be 
here enumerated, as they will diftinäly 
appear in their proper places. | 


snéndrrdue 


POSTSCRIPT 
To THE 


THIRD EDITION. 


[us Philofophical World has now infi- 
nitely to deplore the tragical and untimely 
death of the great Lavoisier ; who bas 
left a rare example of fplendid talents and 

great 
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great wealth, at the fame time immerfed in 
numerous and important public employ- 
ments, which he executed with diligent in- 
telligence, and devoting his princely for- 
tune, and vaft abilities, to thé fedulous cul- 
tivation, and moft fuccefsful improvement, 
of the fciences. If the fanguinary tyranny 
of the monfter Robefpierre had committed. 
only that outrage againft eternal Juftice, a 
fucceeding age of the moft perfect govern- 
ment, would fcarcely have fufhicedto France 
and to the world, to repair the prodigious 
injury that lofs has produced to chemiftry, 
and to all the fciences and economical arts 
with which it is connected. 

Had Lavoifer lived, as exprefled in a 
letter * received from him by the Tranf 
lator a fhort while before his maflacre, it 
was his intention to have republifhed thefe 
elements in an entirely new form, compo- 
fing a Complete Syftem of Philofophical 
Chemiftrÿs: And, as a mark of his fatisfac- 
tion with the fidelity Qf this tranflation, he 
propofed to have conveyed to the Tranfla- 
tor, fheet by fheet as it fhould come from 
the prefs, that new and invaluable work, 
alas ! now for ever loft. 


LET- 
* Now fubjoined, 
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HU TTUEER 


FROM THE 


AUTHOR To THE TRANSLATOR, 


# . 
Paris, 6 Fanvier 1703. 
Monsieur, ,  L’an2 de la République. 
IL eft vrai que l’imprimeur, qui s’étoit 
chargé de la publication de mes Elemens 
de Chimie, vient d’en donner une feconde 
édition ; mais c’eft à mon infçu, et fans que 
j'y aye fait le plus léger changement. C’eft 
donc plutôt une contrefaction, qu’une fe- 
conde édition. | 
Je ne puis au-furplus voir qu’avec bien de 
la reconnoiflance l'intention où Vous m’an- 
noncés être d’entreprendre la traduction 
en Anglois d’une feconde édition. Je vous 
prie de.me referver cette bonne volonté 
pour un autre tems ; Car depuis que j’ai ab- 
{olument 
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folument renoncé à toutes les affaires pu- 
bliques, et que j'ai réfolu de donner aux 
fciences tout mon tems, j'ai entrepris des Ele- 
mens de Chimie fur un plan beaucoup plus 
vafte. Je ne penfe pas que la publication 
puifle en être faite avant deux ans, et je 
m’empreflerai de vous en adrefler un exem- 
plaire, feuille par feuille, fi vous le defirés, 
dès que l’impreffion fera commencée ; mais 
ce n’eft que dans un an au-plutôt que je 
pourrai commencer les envoys. Je ‘vous 
pricrai alors de m’indiquer la voye par la- 
quelle vous jugerés à-propos que je fañe les 
envoys. | 

J'ai reçu dans le tems l’exemplaire que 
vous avés bien voulu m’envoyer de votre ex- 
_cellente traduction. Je m’y trouve prefque 
toujours plus clair que dans le texte. 

Si je ne vous ai point écrit, c’eft que 
J'étois livré à des occupations d’un genre 
bien différent : on pouvoit alors efpérer de 
fe rendre utile dans les places de l’admini- 

- ftration; mais aujourd’hui que la France eft 
en proye aux factions, il devient extrême- 
ment difhcile de faire le bien, et il faut 
être ou bien ambitieux, ou bien infenié, 
pour afpirer aux grandes places, 


J'ai 


xvi LETTER. 
J'ai l’honneur d’être, avec la plus par- 
faite confideration, 
MOonNSIEUR, 
votre très humble, et très 
obéifflant Serviteur, 


LAVOISIER. 


To Mr Kerr, care of Mr Greech, Edinburgb, 
Britain. FRA | 
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HEN I began the following Work, my 
only object was to extend and explain 
more fully the Memoir which I read at the pu- 
blic meeting of the Academy of Sciences in the 
month of April 1787, on the necefity of reform- 
ing and completing the Nomenclature of Che- 
miftry. While engaged in this employment, I 
perceived, better than I had ever done before, 
the juftice of the following maxims of the Abbé 
de Condillac, in his Syftem of Logic, and fome 
other of his works. 


‘“ We think only through the medium of 
words.—Languages are true analytical me- 
‘ thods.—Algebra, which is adapted to its pur- 
“ pofe in every fpecies of expreflion, in the moft 
‘“ fimple, moft exact, and beft manner poffible, 
‘“ js at the fame time a fanguage and an analy- 
“ tical method.—The art of reafoning is nothing 
more than a language well arranged.”” 

B Thus, 
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Thus, while I thought myfelf employed only 
in forming a Nomenclature, and while I propo- 
fed to myfelf nothing more than to improve the 
chemical language, my work transformed itfelf 
by degrees, without my being able to prevent 
it, into a treatife upon the Elements of Chemi- 
ftry. ( | 
‘Thé impoffbility of feparating the Nomen- 
clature of a fcience from the fcience itfelf, is 
owing to this, that every branch of phyfical fci- 
ence muft confift of three things; the feries of 
fads which are the objects of the fcience ; the 
ideas which reprefented thefe fads ; and the words 
bÿ which thefe ideas are exprefled. Like three 
impreffions of the fame feal, the word ought to 
produce the idea, and the idea to be a pidure of 
the fa@. And, as ideas are preferved and com- 
municated by means of words, it neceffarily fol- 
lows, that we cannot improve the language of 
any fcience, without at the fame timé improving 
the fcience itfelf; neither can we, on the other 
hand; improve a fcience, without improving the 
language or nomenclature which belongs to it.. 
However certain the fafts of any fcience may 
be, and however juft the ideas: we may have: 


formed of thefe fadts, we can only communicate 


falfe 
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falfe or imperfe& impreffions of thefe ideas to 
others, while we want words by which they may 
bé properly éxpreffed. 


To thofe who ironie it with attention, 
the ficft part of this treatife will afford frequent 
proofs of the truth of thefe obfervations. But as, 
in the conduct of my work, I have been obliged 
to obferve an order of arrangement eflentially 
differing from what has been adopted in any 
other chemical work yet publifhed, it is proper 
that I fhould explain the motives which have 


led me to adopt that arrangement. 


It is a maxim üuniverfally admitted in Geome- 
try, and indeed in every branch of knowledge, 
that, in the progrefs of inveftigation, we fhould 
proceed from known fa@s to what is unknown. 
In early infancy, our ideas fpring from our 
wants, the fenfation of want exciting the idea of 
the object by which it is to be gratified. In 
this manner, from a feries of fenfations, obferva- 
tions, and analyfes, a fucceflive train of ideas art- 
fes, fo linked together, that an attentive obferver 
may trace back; to a certain point, the order and 


connection of the whole fum of human know- 
ledge. 


. 
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When we begin the ftudy of any fcience, we 
are in a fituation, refpecting that fcience, fimilar 
to children; and the courfe by which we have 
to advance, is precifely the fame which Nature 
follows in the formation of their ideas. Ina 
child, the idea is merely an effect produced by à 
fenfation ; and, in the fame manner, in commen- 
cing the fludy of a phyfical fcience, we ought to 
form no idea but what is a neceffary confequence, 
and immediate effect, of an experiment or ob- 
fervation. Befides, he who enters upon the ca- 
reer of fcience, is in a lefs advantageous fituation 
than a child who is acquiring his firft ideas. To 
the child, Nature gives various means for recti- 
fying any miftakes be may commit, refpeéting. 
the falutary or hurtful qualities of the objets 
which furround him. On every occafon his 
- judgments are corrected by experience ; Want 
and pain are the neceflary confequences ariling 
from falfe judgment ;. gratification and pleafuré 
are produced by judging aright. Under fuch 
malters, we cannot fail to become well inform- 
ed; and we foon learn to reafon juftly, when 
want and pain are the neceflary confequences of 


a contrary conduct. 


In the ftudy and praëtice of the fciences it is 
entirely 
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entirely different ; the falle judgments we may 
form neither affect our exiftence nor our welfare; 
and we are not compelled by any phyfical necef- 
fity to corre& them. Imagination, on the con- 
trary, which is ever wandering beyond the 
bounds of truth, joined to felf-love, and that 
fel£-confidence we are fo apt to indulge, prompt 
us to draw conclufions which are not immediate- 
ly derived from fa&s ; fo that we become in fome 
meafure interefted in deceiving ourfelves. Hence 
it is by no means furprifing, that, in the fcience 
of phyfcs in general, men have fo often form- 
ed fuppoñitions, inftead of drawing conclufons. 
Thefe fuppoñitions, handed down from one age 
to another, acquire additional weight from the 
authorities by which tïey are fupported, till at 
laft they are received, even by men of genius, as 


fundamental truths,. . 


The only method of preventing fuch errors 
from taking place, and of corretting them when 
formed, is to reftrain and fimplify our reafoning 
as much as poffble. This depends entirely on 
ourfelves, and the neglect of it is the only fource 
of our miftakes. We muft truft to nothing but 
fa&s : Thefe are prefented to us by Nature, and 
cannot déceive. We ought, in every inftance, 
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to fubmit: our reafoning to the teft of experi- 
ment, and never to fearch for truth, but by the : 
natural road of experiment ui obfervation. 
Thus mathematicians obtain the folution of a 
problem, by the mere arrangement of data, and 
by reducing their reafoning to fuch fimple fteps, 
and to conclufions fo very obvious, as never ta 


lofe fight of the evidence which guides them. 


Thoroughly convinced of thefe truths, I have 
impofed upon myfelf, as a law, never to advance 
but from what is known to what is unknown ; 
never to form any conclufion which is not an 
immediate confequence neceflarily flowing from 
obfervation and experiment ; and always to ar- 
range the faéts, and the conclufions which are 
drawn from them, in fuch an order as fhall ren- 
der it moft eafÿ for beginners in the ftudy of 
chemiftry thoroughly to underftand them. Hence 
J have been obliged to depart from the order 
ufually obferved in courfes of lectures and trea- 
tifes upon chemiftry ; which always .affume the 
firft principles of the fcience as known, whereas 
the pupil or the reader fhould never be fuppofed 
to know them till they have been explained in 
fubfequent. leflons.. In almoft every .inftance, 
ghemical authors and leéturers begin by treating 
of 
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of the elementsof matter, and'by explaining the 
table of affinities ; without confidering,:that, in 
{ doing, they muft bring the principal pheno- 
mena of chemiftry into view at the verÿ outfet:: 
They make ufe of terms which have-not.been 
defined, and fuppofe the fcience to be ‘under- 
ftood by the very perfons they are onlÿ Hsgiie 
ning to teach. | Trie 


It ought likewife to be confidered, that very 
little of chemiftry can be learned ina firft courfe, 
which is hardly fufficient to make the language 
of the fcience familiar to the ears, or the appara- 
tus familiar to the eyes. It is almoft impoflible 
to become a chemift in lefs than three or four 


years of conftant application. 


Thefe inconveniences are occafoned, not fo 
much by the nature of the fubjet, as by the me- 
thod of teaching it; and, to avoid them, I was 
chiefly induced to adopt a new arrangement of 
chemiftry, which appeared to me more confo- 
nant to the order of Nature. I acknowledge, 
however, that in thus endeavouring to avoid dif. 
ficulties of one kind, I have found myfelf invol- 
ved in others of a different fpecies, fome of which 
I have not been able to remove; but I am per- 

B 4 fuaded, 
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fuaded, that fuch as remain do not arife from 
the nature of the order É have adopted, but are 
rather confequences of the imperfection under 
which chemiftry fill labours. This fcience has 
many chafms, which interrupt the feries of faéts, 
and often render it extremely difficult to recon-. 
cile thefe with each other : It has not, like the 
elements of geometry, the advantage of being a 
complete fcience, the parts of which are all 
clofely conneed together: Its a@ual progrefs, 
however, is fo rapid, and the facts, under the 
modern doétrine, have affumed fo happy an ar- 
rangement, that we have ground to hope, even 
in our own times, to fee it approach near to the 
higheft {late of perfection of which it is fufcep- 
tible. 


The rigorous law from which I have never 
deviated, of forming no conclufions which are 
not fully warranted by experiment, and of never 
fupplying the abfence of facts, has prevented me 
from comprehending in this work the branch 
of chemiftry which treats of affinities, although 
it is perhaps the beft calculated of any part of 
chemiftry for being reduced into a completely 
fyftematic body. Meffrs Geoffroy, Gellert, Berg- 
man, Scheele, De Morveau, Kirwan, and many 

others, 
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others, have colleéted a great number of particu- 
lar fa@s upon this fubje@, which only wait for a 
proper afrangement: but the principal data are 
ftill wanting ; or, at leaft, thofe we have are ei- 
ther not fufficiently defined, or not fufficiently 
proved, to become the foundation for fo very 
important a branch of chemiftry. This fcience 
ofaflinities, or elettive attractions, holds the fame 
place with regard to the other branches of che- 
miftry, that the higher or tranfcendental geome- 
try does with refpect to the fimpler and elemen- 
tary part ; and I thought it improper to involve 
thofe fimple and plain elements, which I flatter 
myfelf the greateft part of my readers will eafily 
underftand, in the obfcurities and difficulties 
which fill attend that other very ufeful and ne- 
cefflary branch of chemical fcience. 


. Perhaps a fentiment of {elf-love may, without 
my perceiving it, have given additional force to 
thefe refleétions. Mr de Morveau * is at prefent 
engaged in publifhing the article Æfinity in the 
Methodical Encyclopædia ; and I had more rea- 
fons than one to decline entering upon a work 


in which he is employed. 


It will, no doubt, be a matter of furprife, that 


in 
* Now Guyton, 
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in a treatife upon the elements of chemiftry,. 
there fhould be no chapter on the conftituent 
and elementary parts of matter ; but. I may here 
obferve, that the fondnefs for reducing all the 
‘bodies in nature-to three or four elements, pro- 
ceeds from a prejudice which bas .defcended to 
us from the Greek Philofophers.. The-notion of 
four elements, which, by the variety of their 
proportions, compofe all the known fubftances 
in nature, is a mere hypothefis, affumed long be- 
fore the firft principles of experimental philo{o- 
phy or of chemiftry had any exiftence. In thofe 
days, without poflefling fa@s, they framed fy- 
ftems ; while we,.who have colleéted faéts, feem 
determined to reject even thefe, when they do 
not agree with our prejudices. The authority 
of thofe fathers of human philofophy fill carry 
great weight, and there is reafon to fear that it 


willeven bear hard upon generations yet to come. 


It is very remarkable, notwithftanding the 
number of philofophical chemifts who have fup- 
ported the doctrine of the four elements, that 
there is not one who has not been led, by the 
evidence of faéts, to admit a greater number of 
elements into their theory. The firft chemical 
authors, after the revival of letters, confidered 
. r<ulphur 
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fulphur and falt as elementary fubftances enter- 
ing into the compoñition of a great number of 
bodies ; hence, inftead of four, they admitted the 
exiftence of fix elements. Beccher affumed the 
exiftence of three kinds of earth ; from the com- 
bination of which, in different proportions, he 
fuppofed all the varieties of metallic fubftances 
to be produced. Stahl gave a new modification 
to this fyftem: And fuccceding chemifts have 
taken the liberty to make or to imagine changes 
and additions of a fimilar nature. All thefe che- 
mifts were carried along by the genius of the age 
in which they lived, being fatisfied with affer- 
tions inftead of proofs ; or, at leaft, often admit- 
ting as proofs the flighteft degrees of probabili- 
ty, unfupported by that ftrictly rigorous analyfis 
which is required by modern philofophy. 


AIT that can be faid upon the number and na- 
ture of elements is, in my opinion, confined to 
difcuffions entirely of a metaphÿfical nature, 
The fubjeét only furnifhes us with indefinite 
problems, which may be folved in a thoufand 
different ways, not one of which, in all probabi- 
lity, is confiftent with nature. I fhall, therefore, 
only add upon this fubjeé, that if, by the term 
elements, we mean to exprefs thofe fimple and 

| indivifble 


Xxvii PREFACE. 


indivifible atoms of which matter is compofed, 
it is extremely probable we know nothing at all 
about them; but, if we apply the term elements 
or principles of bodies, to exprefs our idea of the 
Jaft point which analyfis is capable of reaching, 
we muft admit, as elements, all the fubftances 
into which we are able to reduce bodies by de- 
compoñition. Not that we are entitled to affirm, 
that thefe fubftances which we confider as fimple, 
may not themfelves be compounded of two, or 
éven of a greater number of more fimple princi- 
ples ; but fince thefe principles cannot be fepara- 
ted, or rather fince we have not hitherto difco- 
vered the means of feparating them, they act 
with regard to us as fimple fubftances, and we 
ought never to fuppofe them compounded until 
experiment and obfervation have proved them ta 


be fo. 


The foregoing reflections upon the progrefs of 
chemical ideas naturally apply to the words by : 
which thefe ideas are expreffed. Guided by the 
work which, in the year 1787, Meffrs de Mor- 
veau, Berthollet, de Fourcroy, and I compofed 
upon the Nomenclature of Chemiftry, I have en- 
deavoured, as much as poffible, to denominate 
fimple bodies by fimple terms, and I was natu- 

rally 
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rally led to name thefe firft. It will be recollect- 
ed, that we were obliged to retain that name of 
any fubftance by which it had been long known 
in the world, and thät in two cafes only we took 
the liberty of making alterations ; firft, in the 
cafe of thofe which were but newly difcovered, 
and had not yet obtained names, or at leaft which 
had been known but for a fhort time, and the 
names of which had not yet received the fanc- 
tion of the public ; and fecondly, when the 
names which had been adopted, whether by the 
ancients or the moderns, appeared to us to ex- 
prefs evidently falfe ideas ; when they confound- 
ed the fubftances, to which they were applied, 
with others poffeffed of different, or perhaps op- 
pofite qualities. We made no fcruple, in this 
cafe, of fubftituting other names in their room, 
. and the greater number of thefe were borrowed 
from the Greek language. We endeavyoured to 
frame them in fuch à manner as to exprefs the 
moft general and the moft characteriftic quality 
of the fubftances; and this was attended with 
the additional advantage both of affifting the 
memory of beginners, who find it difficult to re- 
member a new word which has no meaning, and 


of 


{ 
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ofaccuftoming them early to admit no word with- 


out connecting With it fome determinate idea. 


To thofe bodies which are formed by the 
union of feveral fimple fubftances, we gave new 
names compounded in fuch a manner as the na- 
ture of the fubftances directed ; but, as the num- 
ber of known double combinations is already 
very confiderable, the only method by which we 
could avoid confufon, was to divide thefe into 
clafles. In the natural order of ideas, the name 
of the clafs or genus is that which exprefles à 
quality common to a great number of indivi- 
duals ; the name of the fpecies, on the contrary, 
exprefles a quality peculiar to certain individuals 
only. | 


Thefe diftinétions are not, as fome may ima- 
gine, merely metaphyfical, but are eftablifhed 
by nature. “ À child,” fays the Abbé de Con- 
dillac, ‘‘1s taught to give the name free to the . 
« firft which is pointed out to him. The next 
‘tree he fees prefents the fame idea, and he 
“ gives it the fame name. This he does likewife 
“ to a third and a fourth, till at laft the word 
“ ÿree, which he at firft applied to an individual, 
“ comes to be employed by him as the name of 
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“ a clafs or a genus ; it becomes an abftra@ idea, 
‘ which comprehends all trees in general. But 
“ when he learns that all trees do not ferve the 
“ fame purpole, that they do not all produce 
“ the fame kind of fruit, he foon diftinguifhes 
“ them by fpecific and particular names.” This 
is the logic of all the fciences, and is very natu- 


rally applicable to chemiftry. 


The acids, for example, are compounded of 
two fubftances, which we confider as fimple ; 
the one conftitutes acidity, and is common to all 
acids, and, from this fubftance, the name of the 
clafs or the genus ought to be taken; the other 
is peculiar to each acid, and diftinguifhes it from 
the reft, and from this fubftance is to be taken 
the name of the fpecies. But, in the greater 
number of acids, thefe two conftituent elements, 
‘ the acidifying principle, and that which it aci-" 
difies, may exift in different proportions, confti- 
tuting all the poflible points of equilibrium or of 
faturation. This is the cafe in the fulphuric and 
the fulphurous acids ; and thefe two ftates of the 
fame acid we have marked by varying the termi- 


nation of the fpecific name. 


_Metallic fubftances which have been expofed 


ta 
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to the joint ation of the air and of fire, lofe 
their metallic luftre, increafe in weight, and af- 
fume an earthy appearance. In this ftate, like 
the acids, they are compounded of a principle 
which is common to all, and of one which 1s pe- 
culiar toeach. Inthe fame way, therefore, we 
have thought proper to clafs them under a ge- 
neric name, derived from the common prin- 
ciple ; for which purpole, we have adopted the 
term oxyd ; and we diftinguifh them from each 
other by the particular name of the metal to 


which each belongs. 


Combuftible fubftances, which in acids and 
metallic oxyds are fpecific and particular prin- 
ciples, are capable of becoming, in their turn, 
common principles of a great number of com- 
pounds. The fulphurous combinations have 
been long the only known ones in this kind: 
Now, however, we know, from the experiments 
of Meflrs Vandermonde, Monge, and Berthollet, : 
that carbon may be combined with iron, and 
perhaps with feveral: other metals ; and that, 
from this combination, according to the propor- 
tions, may be produced fteel, plumbago, &c. 
We know likewife, from the experiments of M. 
Pelletier, that phofphorus may be combined with 

|) 
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à great number of metallic fubftances. Thefe 
différent combinations we have clafled under ge: 
neric names taken from the common fubftance, 
with a termination which marks this analogy, 
fpecifying them by another name taken from 


that fubflance which is propér to each: 


The nomenclature of bodiés compounded of 
three fimple fubftances was attended with ftill . 
greater difficulty ; not only on account of their 
number, but particularly, becaufe we cannot ex- 
prefs the nature of their conftituent principles 
without employing more compound names. in 
the bodies which form this clafs, fuch as the neu- 
tral falts, for inftance, we had to confider, rff, 
The acidifying principle which is common to 
them all; 2d, The acidifiable principle which 
conftitutes their peculiat acid ; 3d, The faline, 
earthy, or metallic bafis, which determines the 
particular fpecies of falt. Here we derived the 
name of each clafs of falts from the name of the 
acidifiable principle common to all the indivi- 
duals ofthat clafs; and diftinguifhed éach fpecies 
by the name of its peculiar faline, earthy, or me- 
tallic bafis. 


À falt, though compounded of the fame three 
C principles, 
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principles, may, neverthelefs, by the mere diffe- 
rence of their proportion, be in three different 
ftates of faturation. The nomenclature we have 
adopted would have been defective, had it not 
expreffed thefe different flates ; and this we at- 
tained chiefly by changes of termination uni- 
formly applied to the fame ftate of the different 
falts. ” 


" Tn fhort, we have advanced {o far, that from 
the name alone may be inftantly found ; what 
the combuftible fubftance is which enters into 
any combination; whether that combuftible fub- 
ftance be combined with the acidifying prin- 
ciple, and in what proportion; what is the ftate 
of the acid; with what bafis it is united ; whe- 
ther the faturation be exa@, or whether the acid 
or the bafis be in excefs. 


It may eafly be fuppofed that it was not pof- 
fible to attain all thefe different objects without 
departing, in fome inftances, from eftablifhed 
cuftom, and adopting terms which, at firft fight, 


_ may appear uncouth and barbarous. But we 


confidered that the éar is foon habituated to 
new words, efpecially when they are connected 
with à general and rational fyftem. The names, 

befides, 
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befides, which were formerly employed, fuch aë 
vowder of algaroth, falt of alembroth, pomphôlix, 
pbhagadenic water, turbiib mineral, colcothar, and 
many others, were neither lefs barbarous nor 
lefs uncommon. It required a great deal of prac- 
tice, and no {mall degree of memory, to recollect 
the fubftances to which they were applied ; much 
more to recolleét the genus of combination to 
which they belonged. The names of oë7 of tar- 
tar per diliquium; oil of vitriol, batter of arfenic;. 
and of antimony, flowers of zinc, &c. were ftill 
more improper, becaufe they fuggefted falfe 
ideas ; for, in the whole mineral kingdom, and 
particularly in the metallic clafs, there exifts no 
fuch thing as butters, oils, or flowers; in fhort, 
the fubftances to which thefe fallacious names 


were given, are rank poifons. 


When we publifhed. our eflaÿ on the Nomen- 
clature of Chemiftrÿ, we were reproached for 
having changed the language which was fpoken 
by oùr mafters, which they ftamped with their 
authotity, and have -handed down to us. But 
thofe who reproach us on this account, have for: 
gotten that Bergman and Macquer urged us ta 
make this reformation : In a letter which the 
learnéd Profeflor of Upfal, M. Bergman, wrote, 
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a fhort time before he died, to Mr Morveau, he 
bids him /pare no improper names ; thofe who are 
learned, will always be learned, and thofe who 


are ignorant will thus learn fooner. 


There is an objection to this work, which is 
perhaps better founded ; that I have given no 
account of the opinions of thofe who have gone 
before me, and have only ftated my own, with- 
out examining thofe of others. By this I have 
been prevented from doing that juftice to my af- 
fociates, and more efpecially to foreign chemifts, 
which I wifhed to render them. But I befeech 
the reader to confider, that, if I had filled an ele+ 
mentary work with a multitude of quotations, if 
I had allowed myfelf to enter into long differta- 
tions on the hiftory of the fcience, and the works 
of thofe who have ftudied it, I muft have loft 
fight of the true objeét I had in view, and fhould 
bave produced a work extremely tirefome to be- 


ginners. 


It is not the hiftory of the fcience, or of the 

human mind, that we are to attempt in an ele- 
| mentary treatife. Our only aim fhould be eafe 
and perfpicuity, and with the utmoft care to keep 
every thing out of view which may draw afide 


the attention ofthe ftudent. Itisa road which 
we 
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we fhould be continually rendering more fmooth, 

and from which we muft endeavour to remove 
every obftacle which can occafon delay. The 
. fciences, from their own nature, prefent a fufi- 
cient number of difficulties, though we add not 
thofe which are foreign. But, befides this, che- 
mifts will eafily perceive, that, in the firft part- 
of my work, I make very little ufe of any expe- 
riments but thofe which were made by myfelf. 

If at any time I have adopted, without acknow- 
ledgment, the experiments or the opinions of M. 
Berthollet, M. Fourcroy, M. de la Place, M. 
Monge, or, in general, of any ofthofe whofe prin- 
ciples are the fame with my own, it is owing to 
this circumftance, that frequent intercourfe, and 
the habit of communicating our ideas, our obfer- 
vations, and our ways of thinking, to each other, 

has eftablifhed between us a fort of community 
of opinions, in which it is often difficult for eve- 


ry one to know his own. 


Thefe remarks on the order which I thought 
myfelf obliged to follow in the arrangement of 
proofs and ideas, are to be applied only to the 
firft part of this work. It is the only one which 
contains the general fum of the doctrine I have 
adopted, and to:which I wifhed to give a form 


completely elementary. 
C3 The 
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The fecond part is compofed chiefly of tables 
of the nomenclature of the neutral falts. To. 
thefe I have only added general explanations, the 
objeët of which is to point out the moft fimple 
procefles for obtaining the different kinds of 
known acids. This part contains nothing which 
JÏ can call my own, and prefents only a very fhort 
abridgment of the refults of thefe procefles, ex- 
tracted from the works of different authors. 


In the third part, I have given a defcription, 
in detail, of all the operations conneted with 
modern chemiftry. I have long thought that a 
work of this kind was much wanted, and I am 
convinced it will not be without its ufe. The 
method of performing experiments, and particu- 
larly thofe of modern chemiftry, is not fo genéral- 
1y known as it ought to be ; and had I, inthe dif- 
ferent memoirs which I have prefented to the 
Academy, been more particular in the detail of 
the manipulations of my experiments, it is pro- 
bable I fhould have made myfelf better under- 
ftood, and the fcience might have made a more 
rapid progrefs. The order for the different mat- 
ters contained in this third part appears to me 
almoft arbitrary ; and the only one I have ob- - 
ferved is to clafs together, in each of the chapters 

of: 
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of which it is compofed, thofe operations which 
arte moft conne@ted with one another. ‘1 need 
hardly mention, that this part could not be bor- 
rowed from any other work, and that, in the 
principal articles'it contains, I could not derive 
affiftance from any thing but the experiments 


which I have made myfelf. 


I fhall conclude this preface by tranfcribing, 
Kterally, fome obfervations of the Abbé de Con- 
dillac, which I think defcribe, with a good deal 
of truth, the ftate of Chemiftry at a period not 
far difant from our own. Thefe obfervations 
were made on a different fubjet ; but they will 
not on this account, have lefs force, 1f the appli- 
cation of them be juft, 


“ Inftead of applying obfervation to the things 

‘“ we wifhed to know, we have chofen rather to 
‘ imaginethem. Advancing from oneüll-found- 
“ed fuppoñtion to another, we have at laft bez 
‘ wildered ourfelves amid a multitude of errors. 
“ Thefe errors, becoming .prejudices, are, of 
‘“courfe, adopted as principles, and we thus be: 
‘“ wilder ourfelves more and more. The method, 
“100, by which we condy& our reafonings :is: 
{ abfurd ; we abufe words which we do not un- 
‘ derftand, and call this the art of reafoning 
{When matters have been brought this length, 
C4 ‘ when 
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“ when errors have been thus accumulated, there 
“ js but one remedy, by which order can be re- 
‘ flored to the faculty of thinking; this is, to 
t‘ forget all that we have learned, to trace back 
‘ our ideas to their fource, to follow the train in 
‘ which they rife, and, as Lord Bacon fays, to 


‘ frame the human underftanding anew. 


‘ This remedy becomes the more difficult, in 
‘ proportion as we think ourfelves the more 
‘ learned, Might it not be thought, that works 
‘# which treat of the feiences with the utmoft per- 
‘ fpicuity, and with the greateft order and pre- 
“ cifion, muft be underftood by every body ? . 
& The fat is, thofe who have never ftudied any 
# thing will underftand them better than thofe 
‘ who have ftudied a great deal, and efpecially 
‘ than thofe who have written a great deal.”’ 


In another place the Abbé de Condillac adds : 
‘ But, notwithftanding, the fciences have impro- 
‘# ved, becaufe philofophers have applied them- 
# felves with more attention than formerly to ob. 
‘ ferve Nature, and have communicated to their 
‘ language that precifion and accuracy which 
"e they have employed in their obfervations.—By 
« corretting their language they have reafoned 
“ better.” 
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Of the Formation and Decompolition of 
Aëriform Fluids,—of the Combuftion of 
Simple Bodies,—and of the Formation 
of Acids, 
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CH A P. I. 


Of tbe Combinations of Galoric, and the Formation 
of Elafhic Aëriform Fluids. 


HAT every body, whether folid ‘or fluid, : 

is augmented in all its dimenfions by any 
increafe of its fenfible heat, was long ago fully 
eftablifhed as a phyfical axiom, or univerfal pro- 
pofition, by the célebrated Boerhaave.dt Such 
: faéts as have been adduced for controverting the 
Voz. I. D generality 
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generality of this principle, offer only fallacious 
refults, or, at leaft, fuch as are fo complicated 
with foreign circumftances, as to miflead the 
judgment. But, when we feparately confider 
the effects, fo as to deduce each from the caufe 
to which they feparately belong, it is eafy to 
perceive, that the feparation of particles by heat 
_is a conftant and general law of nature. 

When we have heated a folid body to a cer- 
tain degree, and have thereby caufed its parti- 
cles to feparate from egch other, if we allow the 
body to cooi, its particles again approach each 
other, in the fame proportion in which they were 
£eparatéd by the increafed temperature ; the bo- 
dy returns by the fame degrees of expanfon 
through which it before extended ; and, if 
brought back to the fame temperature which it 
pofleffed at the commencement of the experi- 
ment, it recovers exactly the fame dimenfions 
which it formerly occupied. We are ftill ve- 
ry tar from being able to produce the degree of 
abfolute cold, or totalldeprivation of heat, being 
unacquainted with any degree of coldnefs which 
we cannot fuppole capable of ftill further aug- . 
mentation; hence it follows, that we are inca- 
pable of caufing the ultimate particles of bodies 
to approach each other as near as poflible, and 
that thefe particles of bodies do’ not touch each 
other in any ftate hitherto known. Though 

this 
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this bé a very LAURE" conclufion, itis impoffible 
to be denied. 

It may be fuppofed, that, fince the PRIE 
bodies are thus continually impelled by "heat to 
féparate from each other, they would have no 
conneétion between thémielvés : and that, of 
confequence, there could be no folidity in na- 
ture, unlefs thefe particles were held together 
by fome other power which tended to unité 
them, and, fo to fpeak, to chain them together : 
This power, whatever be its caufe, or manner 
of operation, is named Attraction. 

Thus the particles of all bodies maÿ be con- 
fidered'as fubjett to the ation of two oppoñte 
powers, Repuifion and Attraction, between 
which they remain in equilibrio. Solongasthe 
attractive force remains ftronger, the body muft 
continue in a ftate of folidity ; but if, on the 
contrary, heat has fo far removed thefe parti- 
cles from each other as to place them beyond 
: the fphere of attraion, they lofe- the cohefñon 
they before had with each “pps and the “À 
ceafes to be folid. 

Water gives us a regular and conftant exam 
ple of thefe faëts. While its temperature is be- 
low 32° of Fahrenhéïts fcale *, it remains folid, 

PD'2 and 


* Whenever the degree of. heat oceurs in the original, 
itiis flated by the author according to Reaumurs ther- 
mometer ; 
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and is called ice. Above that degree of tempera- 
ture, its particles being no longer held together 
by reciprocal attraction, it becomes liquid; and, 
when we raife its temperature above 2129, its 
particles, giving way to the repulfion caufed by 
the heat, affume the ftate of vapour or gas, and 
the water is changed into an aëriform fluid. | 

The fame may be affirmed of all bodies in 
nature: They are either folid, or liquid, orin 
the ftate of elaftic aëriform vapour, according 
to the proportion which takes place between 
the attractive force inherent in. their particles, . 
and the repulfive power of the heat aéting upon 
thefe ; or, what amounts to the fame thing, in 
proportion to the degrees of heat to which they 

‘are expofed. 

It is difficult to comprehend thefe phenome- 
na, without admitting them as the effeds of a 
real and material fubftance, or very fubtile fluid, 
which, infinuating itfelf between the particles 
of bodies, feparates them from each other. Even 
allowing that the exiftence of this fluid may be 
hypothetical, we fhall fee in the fequel that it 
explains the phenomena of nature in a very fa-. 
tisfaétory manner. À 

This fubftance, whatever it is, being the caufe 


af 


mometer ; but the tranflator has thought it more conve- 
nient to ufe Fahrenheïts fcale, as more generally em- 
ployed and underftood in Britain.—T. 
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of heat, or, in other words, the fenfation which 
we call «oarmtb being caufed by the accumula- 
tion of this fubftance, we cannot, in ftriét lan- 
guage, diftinguifh it by the term hear, becaufe 
the fame name would then very improperly ex- 
prefs both caufe and effect. For this reafon, in ‘ 
the memoir which I publifhed in 1777 *, I gave 
it the names of igneous fluid and matter of beat : 
And, fince that time, in the work + publifhed 
by Mr de Morveau, Mr Berthollet, Mr de Four- 
croy, and myfelf, upon the reformation of che- 
mical nomenclature, we thought it neceflary to 
rejet all periphraftic expreflions, which both 
lengthen phyfical language, and render it lefs 
difiné&t, and which even frequently do not 
convey fufficiently juft ideas of the object in- 
tended. Wherefore, we have diftinguifhed the 
caufe of heat, or that exquifitely elaftic fluid 
which produces it, by the term of caloric. Be- 
fides that this expreffñon fulfls our object in the 
_{yftem which we have adopted, it pofleffes this far. 
 ther advantage, that it accords with every fpecies 
of opinion; fince, ftriétly fpeaking, we are not 
obliged to fuppofe this to be a real fubftance, it 
being fufficient, as will more clearly appear in the 
 fequel of this work, that it be confidered as the 
D 3 repulfive 


* Colleétions of the French Academy of Sciences for 
that year, p. 420. | 


4 New Chemical Nomenclature. 
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repulfive caufe, whatewer that may be, which fe- 
parates the particles’of matter from each other ; 
fa that we are full at liberty to inveftigate itsef- 
fects in an abfiract and mathematical manner. 

In the prefent ftate of our knowledge, we are 
unable to determine whether light be a modifi- 
cation of caloric, or if caloric be, on the contra- 
ry, a modification of light. This, however, is 
indifgutable, that in,a {yftem where only deci- 
ded fads are admiffible, and where we avoid, as 
far as poflible, to fuppole, any thing to be, that 
is not really known to exift, we ought provifion- 
. alytodiftinguifh, by diftinét terms, fuch things 
as are known to produce different effets... We 
therefore diftinguifh light from caloric ; though 
we do not therefore deny that thefe have certain 
qualities in common, and that, inécertain :cir- 
cymftances, they combine with other bodies al. 
moft in the fame manner, and PE AMEEn) in IPAFS, 
the fame effeéts. 

What I have already faid may (aies. à to de- 
termine the idea aflixed to the word caloric ; 
- but there remains a more difficult attempt, 
which is, to give a juft conception of the man-. 
ner in which caloric aéts upon.other bodies. 
Since this fubtile matter penetrates through the 
pores of all known fubftances ; fince there are 
no veffels through which it cannot efcape; and, 
confeqüently, as there are none which are capa- 
ble of retaining it; we can only come at the 

oi knowledge 
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knowledge of its properties byeffects which are 
fleeting and difficultly afcertainable. It is in 
thofe things which we neither fee nor feel, that 
it is efpecially neceffary to guard againft the ex- 
travagancy of our imagination, which for ever 
inclines to ftep beyond the bounds of truth, and 
is very dificultly reftrained within the narrow 
limits of facts. 

We have already feen, thgt the fame body 
becomes folid, or fluid, or aëriform, according 
to. the quantity of caloric by whichit is pene- 
tratéd ; or, more ftrily, according as the re- 
pulfive force exerted by the caloric is equal to, 
ftronger, or weaker, than the attraction of the 
particles of the body it aéts upon. 

But, if thefe two powers only eifted, bodies 
would become liquid at an indivifible degree of 
the thermometer, and would. almofît inftantane- 
oufly pafs from the folid ftate of aggregation to 
that of aëriform elafticity. ‘bus water, for in- 
flance, at the very inftant when it ceafes to be 
ice, would begin to boil, and would be tranf- 
formed into an aëriform fluid, having its parti- 
cles fcattered indefinitely through the furround- 
ing fpace. That this does not happen, muit de- . 
pend upon the action of fome third power : The 
Preffure of the Atmofphere prevents this fepara- 
tion, and caufes the wäter to remain in the li- 
quid ftate until raifed to the temperature indica- 
ted by 212° on the fcale of Fahrenheits thérmo- 

D 4 ‘meter ; 
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meter ; the quantity of caloric which it receives 
in the lower temperatures being infuflicient to 
overcome the preflure of the atmofphere. 
Whence it appears, that, without this atmo- 
fpheric preflüre, we fhould not have any perma- 
nent liquid, and fhould only fee bodies in that. 
ftäte of exiftence in the very inftant of melt- 
ing ; for the fmalleft additional caloric would 
then inftantly feparate their particles, and diffi- 
.pate them through the furrounding medium. 
Befides, without this atmofpheric preflure, we 
fhould not even have any proper aëriform fluids ; 
becaufe the moment the force of attraction is 
overcome by the repulfive power of the caloric, 
the particles of bodies would feparate themfelves 
indefinitely, having nothing to give limits to 
their expanfon, unlefs their own gravity might 
colle them together, fo as to form an atmo- 
fphere. | 
Simple reflection, upon the fnoft common ex- 
_ periments, is fufficient to evince the truth of 
thefe pofitions. They are more particularly 
proved by the following experiment, which I 
publifhed in the Memoirs of the French Aca- 
demy of Sciences for 1777, p. 426. 
Having filled with Sulphuric Ether * a fmall 
narrow 


* I fhall afterwards give a definition, and explain the 
properties, of the liquor called Etber ; I fhall therefore only 
premife 
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narrow glafs veffel, A, (Plate VIL Fig. 17.), 
ftanding upon its ftalk P ; the veflel, which is 
from twelve to fifteen lines diameter, is covered 
by a wet bladder, tied round its neck with fe- 
 veral turns of ftrong thread ; for greater fecurity, 
a fecond bladder is fixed over the firft. The 
veffel fhould be filled in fuch a manner with the 
ether, as not to leave the fmalleft portion of air 
between the liquor and the bladder. It is now 
placed under the recipient BCD of an air-pump, 
of which the upper part B is fitted with a lea- 
thern collar, through which pañles a wire EF, 
having its point F very fharp ; and in the fame 
receiver there is placed the barometer GH. The 
whole being thus difpofed, let the recipient be 
exhaufted, and then, by pufhing down the wire 
EE, a hole is made in the bladder : Immediate- 
ly the ether begins to boil with great violence, 
and is changed into an elaftic aëriform fluid, 
which fills the receiver. If the quantity ofether 
be fuflicient to leave a few drops in the phial 
after the evaporation is finifhed, the elaftic fluid 
produced will fuftain the mercury in the baro- 
meter attached to the air-pump, at eight or ten 
inches in winter, and from twenty to twenty- 

| five 
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premife here, that it is a very volatile and highly inflam- 
mable liquor, havinga confiderably fmaller fpecific gra- 
Yity than water, or even fpirit of wine.—A. 
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five in fammer*. To render this experiment 
more complete, we may introduce a fmall ther- 
mometer into the phial À, containing the ether, 
which will be found to defcend confiderably du- 
ring the evaporation. 

‘The only effét produced in this dphcasie 
38, the taking away the weight of the atmofphere, 
which, in its ordinary ftate, prefles on the fur- 
face of the ether ; and the effects refulting from 
this removal evidently prove, that, in the ordi- 
nary temperature of the earth, ether wouldal- 
ways exift in an aériform ftate, but for the pref- 
fure of the atmofphere, and that the change of 
the ether from the liquid to the: aëriform ftate 
is accompanied by a confiderable diminution of 
temperature; becaufe, during the evaporation, 
a part of the calorie, which was before in a free 
ftate, or ‘at leaft in equilibrio + in the furround- 
ing bodies, combines with the ether, and caufes 
it to affume the aëriform ftate. 

The fame experiment fucceeds with all eva- 

porable 

* Je would have been môte fatisfaétory if the Author 
had fpecifed the degrees of the thermometer at which 
thefe heights of the mercury in the barometer are pro- 
duced.—T. 

+ 1 fhould rather fuppole, according to Mr Lavoifers 
own principles, that the evaporation is produced in confe- 
quence of the equilibrium between the repulfive force of 
the caloric contained in the ether, and the refflance to 


expanfion exerted by the atmofpheric preflure being re- 
moved.—T. 
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porable -fluids, fuch as alcohol, water, and even 
mercury ; With this difference, that the atmo- 
fphere, formed in the receiver by-alcohol, only 
fapports the attached barometer about one inch 
in winter, and about four or five inches in fum- 
mer ; that formed-by water, in the fame.fitua- 
tion, raifes the mercury only a few lines ; and 
that produced by quickfilver raifes it but a few 
fractions of a line. There is therefore lefs fluid. 
évaporated from alcohol than from ether, lefs 
from water than from alcohol, and fill lefs from 
mercury than. from either ; confequently there 
is lefs caloric employed, and lef cold produced, 
which quadrates exaétly with the refults of thefe 
experiments. | 
Another fpecies of experiment proves. very e- 
videntiy, that the aëriform ftate is a modification 
of bodies, dependent on the degree of tempera- 
ture, and on the preffure which:thefe bodies un- 
dergo. In a Memoir read by Mr de la Place and 
myielf to the Academy in:4777, which has not 
been printed, we have fhewn that, when ether is 
fabje@ed to a preflureequalto twenty-eight inch- 
es of the barometer, or about the medium pref- 
fuye of the atmofphere, it boïls at the temperature 
of about. 04°, or,106. 25° ofithe thermometer. 
Mr de Luc, who has made fimilar experiments 
with fpirit of wine, finds it to boïl at 182.75° 
And it is well known that water boils, at 212°. 
Now, boiling being only the evaporation of a 
liquid, 
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liquid, or the moment of its pafling from the 
fluid to the aériform ftate, it is evident that, if 
we keep ether continually at or above the tem- 
perature of 106.25°, and under the common 
preffure of the atmofphere, we fhall have it al- 
ways in an elaftic aëériform ftate; and that the 
fame thing will happen with alcohol when a- 
bove 182.75°, and with water when above 212° ; 
all which are perfe@ly conformable to the fol- 
lowing experiment *. 

I filled a large veflel ABCD (Plate VII. 
Fig. 15.) with water, at 110.75°, or 113° : I fup- 
pofe the veflel tranfparent, that we may fee what 
takes place in the experiment ; and we can ea- 
fily hold the hands in water at that temperature 
without inconvenience. Into this vefel I plunged 
fome narrow-necked bottles F, G, filled with the 
water and turned up, fo as to reft on their mouths 
on the bottom of the veflel. Having next put 
fome ether into a very fmall matrafs, with its 
neck, 4 b c, twice bent as in the plate, I plunged 
this matrafs into the water, having its neck in- 
ferted into the mouth of one of the bottles F. 
Immediately on feeling the effeéts of the heat, 
communicated to it by the water in the vefel 
ABCD, the ether began to boil, and the caloric, 
entering into combination with it, changed it in- 

to 


# Vide Memoirs of the French Academy, anno 1780, 
P: 335-—À. 
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to an elaftic aëériform fluid, with which I filled 
feveral bottles fucceffively, F, G, &c. 

“This is not the place to énter upon the exami- 
nation of the nature and properties of this aëri- 
form fluid, which. is extremely inflammable ; 
but, confining myfelf to the object at prefent in 
view, without.anticipating circumftances, which 
Jam not to fuppofe the reader to know, I fhall 
oniy obferve, that the ether, from this experi- 
ment, is almoft only capable of exifting in the 
aériform ftate in our ufual temperatures ; for, iË 
the weight of our atmofphere was only equal-to 
between 20.and 24 inches of the barometer, in- 
ftead of 28 inches, we fhould never be able ta 
obtain ether in the liquid ftate, at leaft in fum- 
mer. The preparation of ether would conie- 
quently be impoflible upon mountains of a mo- 
derate degree of elevation, as it would be con- 
verted into gas immediately upon being produ- 
ced, unlefs we employed recipients of extraor- 
dinary ftrengtb, aflifted by refrigeration and 
compreflion. And, laftly, the temperature of the 
blood being nearly that at which ether pañles 
from the liquid to the aëriform ftate, it muft eva- 
porate in the primæ viæ, and confequently it is 
very probable that the medical properties of this 
fluid depend chiefly upon its mechanical effect. 

Thefe experiments fucceed better with nitrous 
ether, becaufe it evaporates in a lower tempera- 
ture than fulphuric ether, It is more diflicult 


to 
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to obtain alcohol in the aëriform ftate ; becaufe, 
as it requires a temperature of 182.73° to raïfe 
itito vapour, the water of the bath muft be al- 
moft boiling, and it is impofñfible to Le the 
hands into it at that temperature. ! 

It is evident that, if water werc‘ufed in the 
foregoing experiment, it would bé changed in- 
to gas, when expofed to a temperature fuperior 
to that at which it boils: Although thoroughly 
convinced of this, Mr de la Place and myfelf 
judged it neceffarÿ to confirm it by the follow- 
ing direct experiment. We filled à glafs-jar, À, 
(Plate VIL. Fig. 4.) with mercury, and placed it, 
with its mouth downwards,.in a difh, B, like- 
wife filled with mercury, and'introduced about 
two dtams of water into the jar, which rofe to 
thé top of the mercury at CD; we then plun- 
ged the whole apparatus into an iron boiler, 
EFGH, full of boiling fea-water, of the tempe- 
rature Of 223.25°, placed upon the furnace 
GHIK. So foon as the water over the mercury 
reached the temperature of 212°, it began to 
boil; and inftead ôf only filling the fmall fpace 
ACD, it was converted into an aëriform fluid, 
which filled the whole jar; the mercury even 
defcended below the furface of that in the dif 
B:; andthe jar muft have been overturned, if it 
had not been very thick and heavy, and fixed to 
the difh by means of iron-wire. Immediately 
after withdrawing the apparatus from the boil- 

er, 
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er, the vapour in the jar began to condenfe, and 
the mercury rofe to its former ftation ; but the 
water returned again to the aëriform ftate in a 
few feconds after replacing the apparatus in the 
boiler. 

We have thus a certain number of fubftan- 
ces, which are convertible into elaftic aëriform 
fluids, by degrees of temperature not much fu- 
perior to that of our atmofphere. We fhall af. 
terwards find that there are feveral others which 
undergo the fame change in fimilar cireumftan- 
ces, fuch as muriatic or marine acid, ammoniac 
of volatile alkali, the carboñice acid or fixed air, 
the fulphurous acid, &c. All thefe are perma- 
nently elaftic in or about the mean temperature 
of the atmofphere, and under its common pref- 
fure. £a + SEE HOERE-T 
"AI thefe fais, which’ could be eafily multi: 
phed, 1f necefläry, give fall right to aflume, asia 
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general prinaiple, that almoft every body in me: 
tureus fufceptible of three feveral-ftates of exif- 
ence, folid, liquid, and aëriform ; and that thefe 
three ftates of exiftence depend upon the quan- 
tity of caloric combined with the body. Hence- 
forward I {hall expref thefe elaftic aëriform 
fluids by thegeneric term gas ; and in each {pe- 
cies of gas 1 {hall diflinguifh between the calo- 
ric, which in fome meafure ferves the purpoié of 
a folvent, and the fubftance, which, in combina- 
tion with the caloric, forms the bafe of the gas. 


To 
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Tothefe bafes of the different gafes, which 
are hitherto but little known, we have been ob: 
liged to affign names: Thefe fhall be enumera- 
ted in Chap. IV. of this work, when I have pre- 
vioufly given an account of the phenomena at- 
tendant upon the heating and cooling of bodies, 
and when-L'have eftablifhed precife ideas con- 
cerning the compofñtion of our atmofphere. 

We have already fhewn, that the particles of 
gvery fubftance in nature exift in a certain ftate 

_of equilibrium, between that attraction which 
tends to unite and keep the particles together, 
and the effets of the caloric which tends to 
feparate them. Hence, caloric not only fur- 
rounds the particles of all bodies on every fide, 
but fills up every interval which the particles 
of bodies leave between each other. We may 
form an idea of this, by fuppoñing a veffel fill- 
ed with fmall fpherical leaden bullets, among 
“which a quantity of fine fand is poured ; this, 
infinuating itfelf into the intervals between the 
bullets, will fill up every void. The balls, in 
this comparifon, are to the fand which furrounds 
them exactly in the fame fituation as the parti- 
cles of bodies are with refpeét to the caloric ; 
with this difference only, that the balls are fup- 
pofed to touch each other, whereas the particles 
of bodies are not in contaét, being retained at 
à fmall diftance from each other by the calo- 
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If, inftead of fpherical balls, we fubftitute fo- 
did. bodies of a hexahedral, octohedral, or any 
other regular figure, the capacity of the intervals 
between them will be leffened, and confequently 
will no longer contain the fame quantity of fand. 
The fame thing takes place with refpeét to natu- 
ral bodies ; the intervals left between their par- 
ticles are not of equal capacity, but vary in con- 
fequence of the different figures and magnitude 
of their particles, and of the diftance at which 
thefe particles are maintained, according to the 
exifting proportion between their inherent at- 
traction, and the repulfive force exerted upon 
them by the caloric. 

En this: manner we muft PCR ne fol- 
lowing, expreffion, introduced by the Englifh 
philofophers, who have given us the firft precife 
ideas upon this fubjeét ; tbe capacity of bodies 
for containing the matter of heat. As comparifons 
with fenfible objets are of great ufe in affifting 
us to, form diftin@ notions of abftract ideas, I 
fhall endeavour to illuftrate this, by. inftancing 
the -phenomena which take place between water 
and bodies which are wetted and penetrated by 
it, with a few reflections. 

If cqual pieces of different kinds of wood, 
fuppofe-cubes of one foot each, be immerfed in 
water, the fluid gradually infinuates itfelf into 
their pores, and the, pieces of wood are aug- 
mented both in weight and magnitude : Each 

E fpecies 
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fpecies of wood will imbibe a different quantity 
of water ; the lighter and more porous woods 
will admit a larger, the compact and clofer 
grained will admit a lefs quantity ; for the pro- 
“portional quantities of water, imbibed by the 
pieces, will depend upon the nature of the con- 
ftituent particles of the wood, and upon the 
greater or lefs affinity fubffting between them 
and water : Very refinous wood, for inftance, 
though it may be at the fame time very porous, 
will admit but little water. We may therefore 
fay, that different kinds of wood poñlefs diffe- 
_ rent capacities for receiving water ; and we may 
even determine, by means of the augmentation 
of their weights, what quantity of water they 
have adually abforbed ; but, as we are ignorant 
how much water they contained previous to im- 
merfion, we cannot determine the abfolute quan- 
tity they contain after being taken out of the 
water. 

The fame circumftances undoubtedly take 
place with bodies that are immerfed in caloric ; 
taking into confideration, however, that water 
is an incompreffible fluid, whereas caloric is, on, 
the contrary, endowed with very great elaftici- 
ty ; or, in other words, the particles of caloric 
have a great tendency to feparate from each 
other, when forced by any other power to ap- 
proach ; this difference muft of neceflity occa- 

fion 
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fion very confiderable diverfities in the relults 
of experiments made upon thefe two fubftan- 
ces. | 

Having eftablifhed thefe clear and fimple pro- 
pofitions, it will be very eafy to explain the ideas 
which ought to be affixed to the following ex- 
preflions, which are by no means fynonymous, 
but poflefs each a ftriét and determinate mean- 
ing, as in the following definitions : 

Free caloric, is that which is not combined 
in any mapner with any other body. But, as 
we live in a fyftem to the matter of which calo- 
ric has a very ftrong adhefion, we are never 
able to obtain it in the ftate of.abfolute free- 
dom. 5 
… Combined caloric, is that which is fixed in bo- 
dies, by affinity or elective attraction, fo as to 
form part of the fubftance of the body, even 
part of its folidity. 

By the expreffion fpecific caleric of bodics, 
we underftand the refpective quantities of calo- 
ric requifite for raifing a number of bodies of 
the fame weight to an equal degree of tempe- 
rature. This proportional quantity of caloric 
depends on the diftance between the conftituent 
particles of bodies, and their greater or lefs de- 
grees of cohefon; and this diftance, or rather 
the fpace or void refulting from it, is, as I have 
already obferved, called the capacity of bodies 
for containing cajoric. 


E 2 Heat, 
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Heat, confidered as a fénfation, or, in other 
words, fenfible heat, is only the effect produ- 
ced upon our fentient organs, by the motion ot 
pañfage of caloric, difengaged from the fur- 
rounding bodies. In general, we receive im- 
preffions only in confequence of motion, and it 
might be eftablifhed as an axiom, That, WITH- 
OUT MOTION, THERE 1$ NO SENSATION. This 
general principle apples very accurately to the 
fenfations of heat and cold : When we touch à 
cold body, the calorice, which always tends to 
become in equilibrio in all bodies, pafles from 
our hand into the body we touch, which gives 
us the feeling or fenfation of cold. ‘The direét 
contrary happens when we touch a warm body; 
the caloric, then, in pafling from the body inta 
our hand, produces the fenfation of heat. If 
the hand and the body touched be of the fame 
temperature, or very nearly fo, we receive no 
impreffion, either of heat or cold, becaufe there 
js no motion or pañlage of caloric ; and thus no 
fenfation can take place, without fome corre- 
fpondent motion to occafion it. 

When the thermometer rifes, it fhows, that 
free caloric is entering into the furrounding bo- 
dies: The thermometer, which is one of thefe, 
receives its fhare in proportion to its mafs, and 
to the capacity which it pofleffes for containing 
caloric. The change, therefore, which takes 
place upon the thermometer, only announces à 

change 
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change of place of the caloric in thofe bodies, of 
which the thermometer forms one part; it only 
indicates the portion of caloric received, with- 
out being a meafure of the whole quantity dif- 
* engaged, difplaced, or abforbed. 
The moft fimple and moft exaét method for 
determining this latter point, is that defcribed 
by Mr de la Place, in the Memoirs of the Aca- 
demy, for the ÿear 1780, p. 364; a fummary 
explanation of which will be found towards the 
“conclufon of this work. This method confifts 
in placing a body, or a combination of bodies, 
from which caloric is difengaging, in the middle 
of a hollow fphere of ice; and the quantity of 
ice melted becomes an exact relative meafure of 
the quantity of caloric difengaged. It is poffible, 
by means of the apparatus which we have got 
conftructed upon this plan, to determine, not as 
has been pretended, the capacity of bodies for 
containing heat, but the ratio of the increafe or 
diminution of capacity produced by determi- 
nate degrees of temperature. It is eafy, with 
the fame apparatus, by varioufly combined ex- 
periments, to determine the relative quantities 
of caloric neceffary for converting folid fubftan- 
_ ces into liquids, and liquids into elaftic aëériform 
fluids ; and vice verfä, what quantity of calo- 
ric cfcapes from elaftic. vapours in changing to 
_ diquids, and what quantity efcapes from liquids 
during their converfioninto folids. Perhaps, when 
E 3 experiments 
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experiments fhall have been made with fufficiert 
accuracy, we may one day be able to determiné 
the proportional quantities of caloric neceflarÿ 
for producing the feveral fpecies of gafes. I 
fhall hereafter, in a feparate chapter, give an ac- 
count of the principal refults of fuch experi- 
ments as have been made upon this head. 

It remains, before finifhing this érticle, to fay 
a few words concerning the caufe of the elafti- 
city of gafes, and of liquids in the fate of va- 
pour. It is by no means difficult tô perceive 
that this elafticity depends upon that of caloric, 
which feems to be the moft eminently elaftic 
body in nature. Nothing is more readily con- 
ceivable, than that one body fhould become 
elaftic, by entering into combination with ano- 
ther body pofleffed of that quality. We muft 
allow that this is only an explanation of elafti- 
city, bÿ an affumption of elafticity; we thus 
only remove the difficulty one ftep farther, and 
the reafon for caloric being elaftic, ftill remains 
unéxplained.  Elafticity in the abftract is mere- 
ly a fuppofable quality inherent in the particles 
of bodies, by virtue of which they récede frorn 
each other when forced together. This tenden- 
cy in the particles of caloric to feparate, takes 
place even at confiderable diftances. We fhail 
be fatisfied of this, when we confider that air 
is capable of undergoing great compreflion, 
which fuppofes that its particles were previouf- 


ly 
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ly at a confiderable diftance from each other; 
for the power of approaching together certainly 

* fuppofes a previous diftance, at leaft equal to 
the degree of approximation: Confequently, 
thofe particles of the air; which are already con- 
fiderably diftant from each other, tend to fepa- 
rate ftill farther. If we produce Boyles vacuum 
in a large receiver of an air-pump, the laft por- 
tion of air which remains extends it{felf uniform- 
ly through the whole capacity of the veffel, how- 
ever ‘large, filling it: completely, and prefling : 
every where againft its fides : We cannot ex- 
plain this fa, without fuppofing that the par- 
ticles make an effort to feparate themfelves on 
every fide ; and we are quite ignorant at what 
diftance, or in what degree of rarefaction, this 
effort ceafes to ac. 

In the above experiments a true repulfion 
takes placé between the particles of elaftic 
fluids ; at leaft, ciréumftances occur exaétly as 

if fuch a repulfion aétually exifted : and we have 
a right to conclude, that the particles of caloric 
mutually repel each other. When we are once 
permitted to fuppofe this repelling force, the 
theory of the formation of gafes, or aëriform 
fluids, becomes perfeétly fimple; though we 
muft; at the fame time, allow, that it.is ex- 
tremely difficult to form an accuraté concep- 
tion how this repulfive force aéts upon very mi- 
LR nute 
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nute particles placed at great diftances from each 
otherii22 11! «1 
Itis, perhaps, more natural to fuppofe, that * 
the particles of caloric have à ftronger mutual 
attraction than thofe of any other fubftance, 
and that thefe latter particles are torn afunder 
in confequence of this fuperior attraétion of the 
particles of calorie, which forces them between 
the particles of other bodes, that they may be 
able'to reunite with each other. Wé may ob- 
ferve fomething analogous to this idea in the phe- 
nomena which occur when a dry fponge is dipt 
in watér :. The fponge {wells ; its particles fepa- 
rate from each other; and all its intervals are 
filed by the water. Itisevident, that the fponge, 
in the act of fwelling, has acquired a. greater 
capacity * for containing water than it had when 
dry. 
* This affertion does not feem well founded :—-That, 
in the aét of fwelling, the fponge receives more water 
than it held when dry, is very evident ; and that, in con- 
fequence of its fibres being ftretched, more room is left 
between them, is likewife true : But if, by capacity for 
receiving water, we are to underftand that quality inhe- 
rent in the fponge for imbibing water, in confequence of 
the difpofition and peculiar fruéture of its parts, this re- 
mains the fame when perfeétly dry as when filled com- 
pletely with moifture ; or, if we confider its çapacity to 
indicate its difpoñition for receiving additional water, this 
mult be greateft when perfeëtly dry, and muft diminiih in 
proportion as the water is received into its interftices.—T", 
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dry. But we cannot certainly maintain, that 
the introduétion of water between the particles 
of the fponge häs endowed them with a repul- 
five power, which tends to feparate them from 
each other ; on the contrarÿy,.the whole phe- 
nomena are produced by means of attractive 
powers.: Thele are, the gravity of the water, 
and the power which.it exerts.on every fide, 
in common with all other fluids ; The force of 
attraction which takes place between the parti- 
cles of the water, cauling, them,to. uaite toge- 
ther ; The. mutual attraction of the. particles of 
the fponge for. each. other ;, and, The recipro- 
cal attraction which.exifts between the particles 
ofthe fponge -and thofe ,of the water. , [t.is 

ea{y to underftand,.that the explanation of this 
fact depends upon properly appreciating the in- 
tenfity of, and conne@tion between, thefe feve- 
ral powers.. It is probable, therefore, that the 
feparation of the particles of bodies, occafioned 


by caloric, depends in a fimilat manner upon 


a certain combination of différent attractive 
poweïs, which, in conformity with the imperfec- 
tion of our knowledge, we endeavour to exprefs 
by faying, that caloric communicates a power 
of repulfion to the particles of bodies. 


CHA P,. 
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CH AP. II, 


General Views concerning the Formation and Com- 
bofition of our Atmofphere: 


HESE views which Î have taken of the for: 
mation of elaftic aëriform fluids or gafes, 
throw great light upon the original formation 
of the atmofpheres of the planets, and particu- 
larly of that of our earth. We readily con: 
ceive that it muft neceffarily confift of a mix- 
ture of the following fubftancés : Of all bodies 
that are fufceptible of evaporation, or, more 
ftri@ly fpeaking, which are capable of retain- 
ing the ftate of aériform elafticity in the tem- 
peräture of our*atmofphere, and under a preffure 
equal to that of a column of twenty-eight inches 
of quickfilver in the barometer ; and, of all fub- 
ftances, whether liquid or folid, which are ca- 
pable of being diffolved in this mixture of diffe- 

rent gafes. é 
To fix our ideas more clearly refpeéting this 
fubject, which has not been hitherto fufficient- 
ly confidered, let us, for a moment, conceive 
what change would take place in the various 
fubftances 
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fübftances which compofe our earth, if its tem: 
perature were fuddenly altered. If, for inftance, 
we were fuddenly tranfported to thé region of 
the planet Mercury, where probably the com- 
mon temperature is much fuperior to that of 
boiling water; the water of our world, and all 
the other fluids which are fufceptible of the ga- 
feous ftate, at a temperature near to that of 
boiling water, even quickfilver itfelf, would be- 
come rarefied ; and all thefe fubftances, being 
changed into permanently aëriform fluids or ga- 
fes, would become part of the new atmofphere. 
Thefe new fpecies of airs or gafes would mix 
with thofe already exifting, and certain recipro- 
cal decompoftions and new combinations would 
take place, until fuch time as all the elective at- 
tractions or affinities fubfifting among all thefe 
new and old gafeous fubftances had operated 
fully ; after which, the elementarÿ principles 

compofing thefe gafes, being faturated, would 
‘remain at ref. 

We muft attend to this, however, that, even 
in the above hypothetical fituation, certain 
bounds would occur to the evaporation of thefe 
fubftances, produced by means of that very 
evaporation itfelf: For as, in proportion to the 
increafe of elaftic fluids, the preflure of the at- 
mofphere would be augmented ; as every de- 
gree of preflure tends, in fome meafure, to pre- 
vent evaporation ; and as even the moft eva- 

porable 
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porable fluids can refift the operation of a verÿ 
high temperature without evaporating, if pre- 
vented by a proportionally fttonger comprefflon, 
water and all other liquids being able to fuftain 
a red heat in Papins digefter; we muft admit, 
that the new atmofphere would at laft acquire 
fuch a degree of weight, that the water which 
had not hitherto evaporated would ceafe. to 
boil, and, of confequence, would remain liquid. 
Hence, even upon this fuppoñtion, as in all 
others of the fame nature, the increafing gravity 
of the atmofphere would find certain limits 
which ät could not exceed. 

We might extend thefe refleétions greatly 
farther, and examine what change would be 
produced in fuch fituations upon ftones, falts, 
andthe greater part of the fufble fubftances 
which compofe the mafs of our earth. Thefe 
would be foftened, fufed, and changed into li- 
quids, &c. But thefe fpeculations carry me 
from my object, to which I haften to return. 

By a contrary fuppoñition to the one we 
have been forming, if the earth were fuddenly 
tranfported into a very cold region, the water,. 
which at prefent compoles our feas, rivers, and 
fprings, and probably the greater number, of 
the fluids we are acquainted with, would be 
converted into folid mountains and hard rocks, 
at firt diaphanous and homogeneous, like rock- | 

cryftal, - 
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eryftal, but which, in time, becoming mixed 
with foreign and heterogenéous fubftances, 
would become opaque ftones of various colours. 
In this cafe, the air, or, at leaft, fome of the 
aëériform fluids which now compofe the mafs 
of our atmofphere, would doubtlefs lofe their 
elafticity, for want of a fuflicient temperature 
to retain them in that ftate: They would re- 
turn to the liquid ftate of exiftence *, and new 
Hiquids would be formed, of whofe properties we 

cannot, at préfent, form the moft diftant idea. 
Thefe two oppoñite fuppoñtions give a dif- 
tiné proof of the following corollaries : That 
folidity, liquidity, and aëriform elafticity, ave on- 
ly three different ftates of exiftence of the fame 
matter, or three particular modifications which 
almoft all fubftances are fufceptible of afuming 
fuccefively, and wbich folely depend on the de- 
gree of temperature to which they are expofed ; 
or, in other words, upon the quantity of calo- 
rie with which they are pénetrated {:"Thatitis 
| extremely 


* Even this fuppoñtion would have its bounds from its 
own nature : The diminution of preflure, produced by 
the decreafe in the volume, and confequent gravity, of 
thé atmofphere, would enable caloric to keep many fub- 
ftances in the vaporous flate, at a much lower degree of 
temperature than is fit for that purpole, under the prefent 
preffure of our atmofphere.—T'. 


+ The degree of preffure which they undergo mult'be 
taken into account.—T, 
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_extremely probable that air is a fluid naturally 
exifting in a ftate of vapour ; or, as we may bet- 
ter exprefs it, that our atmofphere is a compound 
of all the fluids which are fufceptible of the 
vaporous or permanently élaftic ftate, in the 
ufual temperature, and under the common pref- 
_fure: That it is not impofñlible we may difco- 
ver, in our atmofphere, certain fubftances natu- 
rally very compaét, even metals themfelves ; as 
a metallic fubftance, for inftance, only a little 
more volatile than mercury, might exift in that 
_fituation. 
 Among the fluids with which we are ac- 
quainted, fome, as water and alcohol, are, fuf- 
ceptible of mixing with each other in all pro- 
portions ; whereas others, as quickfilver, water, 
and oil, can only form a momentary union, and, 
after being mixed together, feparate and ar- 
range themfelves according to their fpecific gra- 
vities. The fame ought to, or at leaft may, 
take place in the atmofphere.. It is poffible, and 
even extremely probable, that, both at the 
firft creation, and every day, gafes are formed, 
which are difficultly mifcible with atmofpheric 
air, and are continually feparating fromit. IF 
thefe gafes be fpecifically lighter than the gene- 
ral atmofpheric mafs, they muft, of courfe, gather 
in the higher regions, and form ftrata that float 
upon the common air, The phenomena which 
accompany 
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accompany igneous meteors induce me to be- 
lieve that there exifts, in the upper parts of our 
atmofphere, a ftratum of inflammable fluid, in 
contact with thofe ftrata of air in which the phe- 
nomena of the aurora borealis and.other fiery ap- 
pearances are produced.—Ï[ mean hereafter to 
purfue this fubjeét in a feparate treatife. 


CHA P. 


&  YMÆDEMENTSO 
(CHAP. nr. nn 


Analyfs of Atmofpheric Air, and its Divifion into 
two Elaflic Kluids ; the one fit for Refpiration ; 
tbe other incapable of being refpired. 


ROM what has been premifed, it appears, 
that our atmofphere is compofed of a mix- 
ture of every fubftance capable of retaining the 
gafeous or aëriform ftate 1n the common tempe- 
ratures, and under the ufual degrees of preffure 
which it experiences. Thefe fluids conftitute a 
mafs, in fome meafure homogeneous, extending 
from the furface of the earth to the greateft 
height hitherto attained, of which the denfity 
continually decreafes in the inverfe ratio of the 
fuperincumbent weight. . But, as I have before 
obferved, it is poffible that this firft ftratum may 
be furmounted by feveral others confifting of 
different fluids. 

Our bufnefs, in this place, is to endeavour 
to determine, by experiments, the nature of 
the elaftic fluids which compofe the inferior ftra- 
tum of air which we inhabit. Modern chemif- 
try has made great advances in this refearch; 
and it will appear, by the following details, that 
the analyfis of atmofpherical air has been more 

rigoroufly 
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tigoroufly determined than that of any other 
fubftance of the clafs. 

Chemiftry affords two general methods of de- 
termining the conftituent principles of bodies, 
the method of analyfis, and that of fynthefis. 
When, for inftance, by combining water with 
alcohol, we form the fpecies of liquor called, in 
commercial language, brandy, or fpirit of wine, 
we certainly have a right to conclude, that 
brandy, or fpirit of wine, is compofed of alcohol 
combined with water. We can procure the 
fame refult by the analytical method; and in 
general it ought to be confidered as a principle 
in chemical fcience, never to reft fatisfied with- 
out both thefe fpecies of proofs. We have this 
advantage in the analÿfis of atmofpherical, air ; 
being able both to decompound it, and:to form 
it anew in the moft fatisfactory manner. I hall, 
however, at prefent confine myfelf to recount 
fuch experiments as are moft conclufive upon 
this head ; and I may confider moît of thefe as 
my own, tr either firft invented them, or 
having repeated thofe of others, intended for 
analyzing atmofpherical air, in perfectly new 
points of view. 

-  Ltook à matrafs of about 36 cubical inches 
capacity, having a long neck of fix or feven lines 
internal diameter, and having bent the neck, as 
in Plate IV. Fig, 2, BCDE, to allow of its be- 

Voz. I. F ing 
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ing placed in the furnace MMNN, in fuck à 
manner that the extremity of its neck E might 
be infeited under à bell.glafs F G, placed in a 
trough of quickfilver RRSS ; I'introdüced four 
ounces of pure mercury into the matrafs, and; 
by means of à fyphon, exhauftéd the air in the re- 
ceiver F G, fo as to raïfe the quickfilver to LL, 
and I caréfully marked the height at which it 
food, by pafting on à flip of paper. Having ac- 
curately noted the height of the thermometer 
and barometer; I lighted a fire in the furnace 
M MN N, which I kept up almoft continuallÿ 
during twelve days, fo as to keep thé quickfilver 
. always very near its boiling point. Nothing re- 
markable took place during the firft day: The 
mercury, though not boiling, was continuallÿ 
evaporating, and covered the interior furface of 
the veflkl with finall drops, which gradually aug- 
menting to à fufficient fize, fell back into the 
mafs at the bottom of the veflel. On the fecond 
day, fmall red particles began to appear on the 
fürface of the mercury’; thefe, duringthe four or 
five following days, graduallÿ incréafed in fize 
and numbér, after which théy ceafed to increafe 
ineither refpett. At the end of twelve days, fee- 
iig that the calciriation of the mercury did not 
at all increafe, I extinguifhedthe fire, and allow- 
éd the veflels to cool. The bulk of air in the 
body and neck of the matrafs, and in the bell- 
glaf, 
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glaf, reduced to a medium of 28 inches of the 
barometer and: 54.5° of the thermometer, at the 
commencement of the experiment was about 50 
cubical inches. At the end of the éxperiment 
the remaining air; reduced to the fame medium 
preffure and temperature, was only between 42 
and 43 cubical inches ; confequently it had loft 
about + of its bulk. Afterwards, having col- 
leéted all the red particles, formed during the 
experiment, from the running mercury in which 
they floated, I found thefe to amount to 45 
grains. 

I was obliged to repeat this experiment feve- 
ral times, as it is difficult, in one experiment, 
both to preferve the whole air upon which we 
operate, and to colle& the whole of the red par- 
ticles, or calx of mercury, which is formed du: 
ring the calcination. It will often happen in 
the fequel, that I fhall, in this manner, give in 
one detail the refults of two or three experi- 
ments of the fame nature. : | 

Fhe air which remained after the calcination 
of the mercury in this experiment, and which 
was reduced to £ of its former bulk, was no 
longer fit either for refpiration or for combuf- 

-tion: animals being introduoced into it were fuf- 
focated ina few feconds, and when a taper was 
plunged into it, it was extinguifhed, as if it bad 
pen immerfed in water. 

F3 la 
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In the next place, I took the 45 grains of red 
matter formed during this experiment, which I 
put into a fmall glafs retort, having a proper 
apparatus for receiving fuch liquid or gafeous 
produ&, as might be extracted : Having applied 
a fire to the retort in the furnace, I obferved 
that, in proportion as the red matter became 
heated, the intenfity of its colour augmented. 
When the retort was almoft red hot, the red 
matter began gradually to decreafe in bulk, and 
in a few minutes after it difappeared altogether ; 
at the fame time 414 grains of running mercury 
were colleéted in the recipient, and 7 or 8 cu- 
bical inches ofelaftic fluid, greatly more capa- 
ble of fupporting both refpiration and combuf- 
tion than atmofpherical air, were collected ir 
the bell-glafs. 

A part of this air being put into à glafs-tube 
of about an inch diameter, fhewed the following 
properties: À taper burned in it with a daz- 
zling fplendour ; and charcoal, inftead of con- 
fuming quietly, as it does in common air, burnt 
with a flame, attended with a decrepitating noife, 
like phofphorus, and threw out fuch a bril- 
liant light that the eyes could hardly endure it. 
This fpecies of air was difcovered almoft at the 
fame time by Dr Prieftley, Mr Scheele, and 
myfelf. Dr Prieftley gave it the name of de- 
pblogiflicated air ; Mr Scheele called it empyreal 
air ; at firft I named it highly refpirable air, to 

which 
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which has fince been fubftituted the. term of 
vital air. We fhall prefently fee what we ought 
-to think of thefe denominations. 

In refle&ting upon the circumftances oË this | 
experiment, we readily perceive ; that the mer- 
cury, during its calcination, ablorbs the falu- : 
brious and refpirable part of the air, or, to fpeak 
more ftrictly, the bafe of this refpirable part ; 
that the remaining air is a fpecies of mephitis, 
incapable of fupporting combuftion or refpira- 
tion ; and, confequently, that atmofpheric air is 
compofed of two elaftic fluids of different and 
oppofite qualities. As a proof of this important 
truth, if we recombine thefe two elaftic fluids, 
which we have feparately obtained in the above 
experiment, viz. the 42 cubical inches of mephi- 
us, with the 8 cubical inches of highly refpirable 
air, we reproduce an air precifely fimilar to that 
of the atmofphere, and poffeffing nearly the fame 
power of fupporting combuftion and refpiration, 
. and of contributing to the calcination of metals. 

Although this experiment furnifies us with 
a very fimple means of obtaining the two prin- 
cipal elaftic fluids which compofe our atmo- 
fphere, feparate from each other, yet ît does not 
give us an exact idea of the proportion in which 
thefe two enter into its compoñition : For the 
attraction of mercury to its refpirable part of 
the air, or rather to its bafe, is not fufficiently 
{trong to overcome all the circumftances which 

F3 oppofe 
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oppofe this union. Thefe obftacles are the mu- 
tual adhefion of the two conftituent parts of 
the atmofphere for each other, and the eleétive 
attraction which uñites the bafe of vital air with 
caloric ; in confequence vf thefe, when the cal- 
cination ends, or is at leaft carried as far as is 
poffible in a determinate quantity of atmofphe- 
ric air, there ftill remains a portion of refpirable 
air united to the mephitis, which the mercury 
cannot feparate. 1 fhall afterwards fhew, that, 
at leaft in our climate, the atmofpheric air is 
compofed of refpirable and mephitic airs, in 
the proportion of 27 and 73; and I fhall then 
difcufs the caufes of the uncertainty which full 
exilts with refpect to the exa@nefs of that pro- 
portion. 

Since, during the calcination of mercury, air 
is decompofed, and the bafe of its refpirable 
part is fixed and combined with the mercury, 
it follows, from the principles already eftablifh- 
ed, that caloric and light muft be difengaged 
during the procefs. But the two following 
caufes prevent us from being fenfible of this 
taking place: As the calcination lafts during fe- 
veral days, the difengagement of caloric and 
light, fpread out in a confiderable fpace of time, 
becomes extremely fmall for each particular 
moment of the time, fo as not to be percep- 
tible ; and, the operation being carried on by 
means of fire in a furnace, the heat produced 


by 
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hy the calcination itfelf becomes confounded 
with that proceeding from the furnace. I 
might add, that the refpirable part of the air, or 
rather its bafe, in entering into combination 
with the mercury, does not part with all the 
caloric which it contained, but ftill retains a 
part of it in the new compound: but the dif- 
cufiion of this point, and its proofs from ex- 
periment, do not belong to this part of our fuk- 

jet. Sid: | 
It is, however, ealy to render this difengage- 
ment of caloric and light evident to the fenfes, 
by caufing the decompofition of air to take 
place in a more rapid manner ; and for this pur- 
poie, iron is excellently adapted, as it pofñlefles 
a much ftronger aflinity for the bafe of refpira- 
ble air than mercury. The following elegant 
experiment of Mr Ingenhouz, upon the com- 
buftion of iron, is well known. Take a piece of 
fine iron wire, twifted into a fpiral, BC, Plate 
. IV. Fig. 17.; fix one of its extremities B into 
the cork A, adapted to the neck of the bottle 
DEFG, and fix to the other extremity of the 
wire C, a fmall morfel of tinder. Matters be- 
ing thus prepared, fill the bottle DEFG with 
air deprived of its mephitic part; then light 
the tinder, and introduce it quickly, with the 
wire upon which it is fixed, into the bottle, 
which you ftop up with the cork À, as is fhown 
jn the figure 37. Plate IV. The inftant the 
B'4 Lghted 
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lighted tinder comes into contact with the vi. 
tal air, it begins to burn with great intenfity ; 
and, communicating the inflammation to the 
iron-wire, it likewife takes fire and burns rapidly, 
throwing out brilliant fparks ; thefe fall to the 
bottom of the veffel in rounded globules, which 
become black in cooling, but retain a degree 
of metallic fplendour. The iron thus burnt is 
more brittle even than glafs, is eafly reduced 
into powder, and is ftill attraétable by the mag- 
net, though not fo powerfully as it was before 
combuftion. As Mr Ingenhoufz has neither ex- 
amined the change produced on the iron, nor 
upon the air by this operation, I have repeated 
the experiment under different circumftances, 
in an apparatus adapted to anfwer my particu- 
lar views, as follows : : 

. Having filled a bell-glafs A, Plate IV. Fig. 3. 
of about fix pints meafure, with pure air, or the 
highly refpirable part of air, I tranfported this 
jar, by means of a very flat veffel, into a quick- 
filver bath in the bafon BC, taking care to ren- 
der the furface of the mercury perfe@ly dry, both 
within and without the jar, with blotting paper. 
I then provided a fmall cup of China-ware D, 
very flat and open, in which I placed fome fmall 
pieces of iron, turned fpirally, and arranged in 
fuch a way as feemed moft favourable for the 
combuftion being communicated to every part. 
To the end af one of thefe pieces of iron was 
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fixed a fmall morfel of tinder, to which was : 
added about the fixteenth part of a grain of 
phofphorus ; and, by raifing the bell-glafs a lit- 
tle, the china cup, with its contents, were intro- 
duced into the pure air. X know that, by this 
means, fome common air muft mix with the 
pure air in the glafs; but this, when it is done 
dexteroufly, is fo very trifling, as not to injure 
the fuccefs of the experiment. This being done, 
a part of the air was fucked out from the bell- 
glafs, by means of a fyphon GHI, fo as to raife 
the mercury within the glafs to EF ; and, to 
prevent the mercury from getting into the fy- 
phon, a fmall piece of paper was twifted round 
its extremity. In fucking out the air, if the 
motion of the lungs only be ufed, we cannot 
‘ make the mercury rife above an inch or an inch 
and a half; but, by properly ufng the mufcles 
of the mouth, we can, without difficulty, caufe 
itto rife fix or feven inches. 

I next took an iron-wire, MN, Plate IV. 
Fig. 16. properly bent for the purpofe, and ma- 
king it red-hot in the fire, paffed it through the 
mercury into the receiver, and brought it in 
contact with the fmall piece of phofphorus at- 
tached to the tinder. The phofphorus inftant- 
ly took fire, which communicated to the tin- 
der, and from that to the iron. When the 
pieces have been properly arranged, the whole 
on burns, even to the laft particle, throwing 

out 
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out a white brilliant light fimilar to that of Chi- 
nefe fireworks. The great heat produced by this 
combuftion melts the iron into round globules 
of different fizes, moft of which fall into the 
China cup; but fome are thrown out of it, and 
fwim on the furface of the mercury. At the 
beginning of the combuftion, there is a flight 
augmentation in the volume of the air in the 
bell-glafs, from the dilatation caufed by the 
heat ; but, prefently afterwards, a rapid dimi- 
nution of the air takes place, and the mercury 
rifes in the glafs, infomuch that, when the quan- 
tity of iron is fufficient, and the air operated 
upon is very pure, almoft the whole air employ- 
ed 15 abforbed. 

It is proper to remark in this place, that, un- 
lefs in making experiments for the purpofe of 
difcovery, it is better to be contented with burn- 
ing a moderate quantity of iron; for, when 
this experiment is pufhed too far, fo as to ab- 
forb much of the air, the cup D, which floats 
upon the quickfilver, approaches too near the 
bottom of the bell-glafs; and the great heat 
produced, which is followed by a very fudden 
cooling, occafioned by the contact of the cold 
mercury, is apt to break the glafs: In which 
cafe, the fudden fall of the column of mercury, 
which happens the moment the leaft flaw is 
produced in the glafs, caufes fuch a wave, as 
$brows a great part of the quickfilver from the 
|  bafon. 
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bafon. To avoid this inconvenience, and to en- 
fure fuccefs to the experiment, one dram and a 
half of iron is fufficient to burn in a bell-plafs, 
which holds about eight pints of air. The glafs 
ought likewife to be ftrong, that it may be able 
to bear the weight of the column of mercury 
which it has to fupport. | 

By this experiment, it is not poflible to de- 
términe, at one time, both the additional weight 
acquired by the iron and the changes which 
have taken place inthe air. If it is wifhed to af- 
certain what additional weight has been gained 
by the iron, and the proportion between that 
and the air abforbed, we muft carefully mark 
upon the bell-glafs, with a diamond, the height 
of the mercury, both before .and after the ex- 
periment. After this, the fyphon, GH, PL IV. 
Fig. 3. guarded, as before, with a bit of paper, 
to prevent its filling with mercury, is to be in- 
troduced under the bell-glafs, having the thumb 
. placed upon the extremity, G, of the fyphon, to 
_ regulate the palage of the air; and by this 
means the air is gradually admitted, fo as to let 
‘the mercury fall to its level. This being done, 
the bell-glafs is to be carefully removed; the 
globules of melted iron contained in the cup, 
and thofe which have been fcattered about, and 
fwim upon the mercury, are to be accuratelÿ 
colletted, and the whole is to be weighed. The 
iron will be found in that ftate called martial 
| cthiaps 
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ethiops by the old chemifts, poffeffing a degree of 
metallic brilliancy, very friable, and readily re- 
duced into powder, under the hammer, or with 
a peftle and mortar. If the experiment has fuc- 
ceeded well, from 100 grains of iron will be ob- 
tained 135 or 136 grains of ethiops, which is an 
augmentation of 35 per cent. 

IF all the attention has been paid to this ex- 
periment which it deferves, the air will be found 
diminifhed in weight, exa@ly equal to what the 
iron has gained. Having therefore hurnt 100 
grains of iron, which has acquired an addition- 
al weight of 3$ grains, the diminution of air 
will be found exaétly 70 cubical inches ; and 
it will be fhewn, in the fequel, that the weight 
of vital air is very near half a grain for each 
cubical inch; fo that, in effect, the augmenta- 
tion of oh: in the one exa@ly coincides with 
the lofs of it in the other. 

I fhall obferve here, once for all, that, in eve- 
ry experiment of this kind, the preflure and 
temperature of the air, both before and after 
the experiment, muft be reduced by calcula- 
tion, to a common ftandard of 54° of the ther- 
mometer, and 28 inches of the barometer. To, 
wards the end of this work, the manner of per. 
forming this very neceflary reduction will be 
found accurately detailed. 

If it be required to examine the nature of the 

. air which yemains after this experiment, we 
muft 
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muft operate in a fomewhat different manner. 
After the combuftion is finifhed, and the veffels 
have cooled, we firft take out the cup, and the 
burnt iron, by introducing the hand through the 
quickfilver, under the bell-glafs ; we next intro- 
duce fome folution of potafh, or cauftic alkali, or 
of the fulphuret of potafh, or fuch other fubftan- 
ces as are judged proper for examining their ac- 
tion upon the refiduum of air. 1 fhall, in the 
fequel, give an account of thefe methods of ana- 
lyzing air, when I have explained the nature of 
thefe different fubftances, which are only here in 
a manner incidently mentioned. After this ex- 
amination, fo much water muft be let into the 
glafs as will difplace the quickfilver, and then, 
by means of a fhallow difh placed below the bell- 
glafs, it is to be removed into the common water 
pneumato-chemical apparatus*#, where the air 
remaining may be examined at large, and with 
great facility. 

When very foft and very pure iron has been 
 employed in this experiment, and, when the 
combuftion has been performed in the pureft re- 
fpirable or vital air, free from admixture of the 
noxious or mephitic part, the air which remains 

| after 


# For a particular defcription of this apparatus, and 
the manner of ufing it, and of many other procefles, with 
the inftruments fitted for carrying them on, fee the third 
part of this work.—T, 
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after the combuftion will be found as pure äs it 
was before: But it is difficult to find iron en- 
tirely free from a fmall portion of charry mat- 
ter, which is chiefly abundant in fteel ; and it 
is likewife excéedingly difficult to procure pure 
air perfe@ly free from fome admixture of me- 
phitis, with which it is almoft always conta- 
minated : That fpecies of noxious air does not, 
in the fmalleft degree, difturb the refult of the 
experiment, as it is always found at the end 
exactly in the fame quantity as at the begin- 

ning. | 
I mentioned before, that we have two ways 
of determining the conftituent parts of atmo- 
fpheric air, the method of analyfis, and that by 
fynthefis. The calcination of mercury has fur- 
nifhed us with an example of each of thefe me- 
thods, fince, after having deprived it of the re- 
fpirable part, by means of the .mércury, we 
have reftored it again, fo as to recompole an air 
precifely fimilar to that of the atmofphere. 
But we can equally accomplifh this fynthetic 
: éompofition ofatmofpheric air, by borrowing the 
materials of which it is formed from different: 
kingdoms of nature. We fhall fee hereafter 
that, when animal fubftances are diflolved in the 
nitric acid, a great quantity of gas is difengaged, 
which extinguifhes light, and is unfit for ani- 
mal refpiration, being exactly fimilar to the 
noxious or mephitic part of atmofpheric air. 
And: 
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änd, if we take 73 paits, by weight, of this 
elaftic fluid, and mix it with 27 parts of highly 
refpirable ait, procured from calcined mercury, 
wé fhall form an elaftic fluid precifelÿy fimilar 
to atmofpheric air in all its properties. 

There are many othèr methods of feparating 
the refpirable from the noxious part of the at- 
mofpheric air, which cannot be taken notice of 
* in this place, without anticipating information, 
which properly belongs to the fubfequent chap- 
ters. The experiments already adduced maÿ 
fufice for an elementary treatife ; and, in mat- 
ters of this nature, the choice of our evidences 
is of far greater confequence than their num: 
ber. 
I fhall clofe this article, bÿ pointing out the 
propeitÿ pofleffed by atmofpheric air, and all 
the known gafes, of diflolving water; which 
circumftance it is of great confequence to attend 
to in all experiments of this nature. Mr Sauf- 
fure found, by experiment, that a cubical foot 
of atmofpheric air is capable of holding 12 grains 
of water in folution*. Other gafes, as the car- 
bonic acid, appear capable of diffolving a great- 
er quantity ; but experiments are ftill wanting 
by 


* It is evident that the quantity of water held in folu- 
tion by determinate quantities of the different gäles, 


inuft vary according to the degrees of temperature and 
preffure —T, 
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by which to determine their feveral propor: 
tions. ‘This water, held in folution by gafes, 
gives rife to particular phenomena, which re- 
quire great attention, in many experiments, and 
which has frequently proved the fource of great 
errors to chemifts in determining the refults of 
their experiments. 


CHA P. 


OF CHEMISTRY. 97 


CHARS ET: 


Nomenclature of the feveral Conftituent Parts of 
; Atmofpheric Air. 


ITHERTO I have been obliged to make. 
ufe of circumlocution, to exprefs the na- 
ture of the feveral fubftances which conftitute 
our atmofphere, having provifionally ufed the 
terms of re/pirable, and noxious, ox non-refpi- 
rable, parts of the air. But theinveftigations I 
mean to undertake, require a more direct mode of 
expreffion ; and, having now endeavoured to 
give fimple and diftinct ideas of the different 
fubftances which enter into the compoñtion of 
the atmofphere, I fhall henceforth exprefs thefe 
ideas by words equaily fimple. 

The temperature of our earth being very 
near to that at which water becomes folid, and 
at which reciprocally it changes from folid to 
fluid ; and as this phenomenon takes place fre- 
quently under our obfervation, it has very na- 
turally followed, that, in the languages of at 
leaft every climate fubjeét to any degree of win- 
ter, a term has been ufed for fignifying water in 
the ftate of folidity, or when deprived of its ca- 

s 1188 ot G loric. 
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loric, The fame precifion has not been found 
neceffary with refpeét to water reduced to the 
ftate of vapour by an additional quantity of calo- 
ric. Thofe perfons who do not make a particu- 
lar ftudy of objects of this kind, are ftill ignorant 
that water, when in a temperature only a little 
above the boiling heat, is changed into an elaftic 
aëériform fluid, fufceptible, like all other gafes, : 
of being received and contained in veffels, and of 
preferving its gafeous form fo long as it remains 
at the temperature of 212°, and under a pref- 
fure not exceeding 28 inches of the mercurial 
barometer. As this phenomenon has not been. 
very generally obferved, no language has ufed 
a particular term for exprefling water in this 
fiate * ; and the fame thing occurs with all fluids, 
and all fubftances, which do not evaporate in 
the common temperature, and under the ufual 
preflure of our atmofphere. 

For fimilar reafons, names have not been given 
to the liquid or concrete ftates of moît of the 
aëriform fluids: Théfe were not known to arife 
from the combination of caloric with certain 
bafes ; and, as they had not been feen either in. 
the liquid or folid ftates, their exiftence, under 
thefe forms, was even unknown to natural phi- 
lofophers. | 


We 


* In Englifh, the word fear is exclufively appropria- 
ted to water in the ftate of vapour—T. 
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We have not pretended to make any altera- 
tion upon fuch terms as are fan@tified by ancient 
cuftom ; and, therefore, continue to ufe the words 
water and ice in their common acceptation. We 
hkewife retain the word air, to exprefs that col- 
leétion of elaftic fluids which compofes our at- 
mofphere : But we have not thought it necef- 
fary to preferve the fame refpet for modern 
terms, adopted by the later philofophers, having 
confidered ourfelves as at liberty to rejeét fuch 
as appeared liable to give erroneous ideas of the 

fubftances they are meant to exprefs, and either 
to fubftitute new terms, or to employ the old 
ones, after having modified them in fuch a man- 
_ner as to convey more determinate ideas. New 
words, when neceffary, have been borrowed 
chiefly from the Greek language, in fuch a man- 
ner as to make their etymology convey fome idea 
of what was meant to be reprefented by them ; 
and we have always endeavoured to make thefe 
fhort, and of fuch a form as to admit of being 
_ changed into adjectives and verbs. 

Following thefe principles, we have, after 
the example of Mr Macquer, retained the term 
gas, employed by Vanhelmont ; having arran- 
- ged the numerous clafs of elaftic aëriform fluids 
under that name, excepting only atmofpheric 
air. Gas, therefore, in our nomenclature, be- 
comes a generic term, expreffing the fulleft de- 
gree of faturation in any body with caloric ; be 

G 2 ing, 
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ing, in fa@, a term expreflive of a mode of ex- 
iftence. To diftinguifh the fpecies of gas, we 
employ a fecond term derived from the name 
of the bafe, which, faturated with caloric, forms 
each particular gas. Thus, we name water com- 
bined to faturation with caloric, fo as to form an 
elaftic fluid, aqueous gas; ether combined in 
the fame manner, ethereal gas ; the combination 
of alcohol with caloric, becomes a/cobohic gas; 
and, following the fame principles, we have mu- 
riatic acid gas, ammoniacal gas, and fo on of eve- 
ry fubftance fufceptible of being combined with 
caloric, in fuch a manner as to. affumé the ga- 
feous or elaftic aëriform ftate. 

We have already feen, that the atmofpheric 
fluid, or common air, is compofed of two galfes, 
or aëriform fluids ; one of which is capable, by 
refpiration, of contributing to fupport animal 
life ; and in it metals are calcinable, and com- 
buftible bodies may burn: The other, on the 
contrary, is endowed with direétiy oppoñte qua- 
lities ; it cannot be breathed * by animals, nei- 
ther will it admit of the combuftion of inflam- 
mable bodies, nor of the calcination of metals. 
We have given ta the bafe of the former, which 
is the relpirable portion of atmofpheric air, the 

name 


# It may indeed be infpired into the lungs of animals, 
but is then fure to produce inftant death.—T. 
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name of oxygen, from é£vs acidum, and yeavopuas 
gignor, becaufe one of the moîft general proper- 
ties of this bafe is to form acids, by combining 
with many different fubftances. The union of 
this bafe with caloric, which is the fame with 
what was formerly named pure, or vital, ox bigh- 
ly refpirable air, we now call oxygen gas. The 
weight of this gas, at the temperature of 54.50, 
and under a preflure equal to 28 inches of the 
barometer, is half a grain for each cubical inch 
nearly, or one ounce and a hälf to each cubical 
foot. 

The chémical properties of the noxious por- 
tion of atmofpheric air being hitherto but little 
known, we have been fatisfied to derive the name 
of its bafe from its known quality of killing 
fuch animals as are forced to breathe it, giving 
it the name of azot, from the Greek privative 
particle & and £wn, vifa ; hence the rame of 
the noxious part of the atmofpheric air is axotic 
gas. The weiglit of this, in the fame tempera- 
ture, and under the fame preflure, is 1 03. 2 
drams and 48 grs. to the cubical foot, or 0.4444 
of a grain to the cubical inch. We cannot 
deny, that this name appears fomewhat extra- 
“ordinary ; but this muft be the cafe with all 
new terms, which cannot be expected to be- 
come familiar until they have been fome time 
in ufe. We long endeavoured to find a more 
proper defignation without fuccefs: It was at 

G 3 firft 
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firft propofed to call it a/kaligen gas, as, from 
the experiments of Mr Berthollet, it appears to 
enter into the compolition of ammoniac, or vo- 
latile alkali; but then, we have as yet no proof 
ofits making one of the conftituent elements of 
the other alkalies; befides, it is proved to form 
a part of the nitric acid, which gives as good 
reafon to have it called nitrigen. For thefe rea- 
fons, finding it neceflary to rejeét any name up- 
on fyftematic principles, we have confidered that 
we run no rifk of miftake, in adopting the terms 
of azot, and axotic gas, which only exprefs a 
matter of fact, or that property which it pof- 
feffes, of depriving fuch animals as breathe it of 
their lives. 

1 fhould anticipate fubjects more properly re- 
ferved for the fubfequent chapters, were Ein 
this placé to enter upon the nomenclature of the 
feveral fpecies of gafes: It is fufficient, in this 
part of the work, to eftablifh the principles up- 
on which their denominations are founded. The 
principal merit of the nomenclature we have 
adopted is, that, when once the fimple elemen- 
tary fubftance is diftinguifhed by an appropriate 
. term, the names of all its compounds derive rea- 
dily, and neceflarily, from this firft denomina- 
tion. 
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Of the Decompofition of Oxygen Gaÿ by Sulpbur, ; 
Phofphorous, and Carbon ;—and of the Forma- 
tion of Acids in general. 


N performing experiments, it is a neceflary 
principle, which ought never to be deviated 
from, that they be fimplified as much as pof- 
fible, and *. every circumftance capable of 
rendering their refults complicated be carefully 
removed. Wherefore, in the experiments which 
form the objet of this chapter, 1 have never 
_ employed atmofpheric air, which is not a fimple 
fubftance. _ It is true, that the azotic gas, which 
forms a part of its mixture, appears to be mere- 
ly pafive during combuftion and calcination ; 
‘but, befides that it retards thefe operations very 
confiderably, we are not certain but it may even 
alter their refults in fome circumftances ; for 
which reafon, I have thought it neceffary to re- 
. move even this poffible caufe of doubt, by ma- 
king ufe only of pure oxygen gas in the fol- 
lowing experiments, which fhew the cffeéts pro- 
duced by combuftion in that gas. I fhall ad- 
vert to fuch differences as take place in the re- 
fults of thefe, when the oxygen gas, Or pure 
G 4 vital 
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vital air, is mixed, in different proportions, with 
azotic gas. 

_Having filled a bell-glafs A, PL IV. fig. 3. of 
between five and fix pints meafure, with oxy- 
gen gas, ÎÏ removed it from the water-trough, 
where it was filled, into the quickfilver bath, 
by means of a fhallow glafs difh flipped under- 
neath, and having dried the mercury, I introdu- 
ced 614 grains of Kunkel’s phofphorus in two 
little China cups, like that reprefented at D, 
fig. 3, undertheglafs A. That I might fet fire 
to each of the portions of phofphorus feparately, 
and to prevent the one from catching fire from 
the.other, one of the difhes was covered with a 
flat piece of glaf. I next raifed the quick- 
filver in the bell-glafs up to EF, by fucking 
out a fuflicient portion of gas through the fy- 
phon GHIÏ. After this, by means of the crook- 
ed iron wire, fig. 16. made red hot, I fet fire 
to the two portions of phofphorous fucceflively, 
firft burning that portion which was not cover- 
ed by the piece of glafs. The combuftion was 
extremely rapid, being attended by a very bril- 
liant flame, and a confiderable difengagement of 
light and heat. In confequence of the great 
heat induced, the gas was at firft much dilated, 
but foon after the mercury returned to its level, 
and a confiderable abforption or diminution of 
gas took place; at the fame time, the whole in- 
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fide of the glafs became covered with light white 
flakes of concrete phofphoric acid. 

At the beginning of the experiment, the 
quantity of oxygen gas, reduced, as before di- 
rected, to a common flandard, of thermometrical 
temperature and barometrical preflure, amount- 
ed to 162 cubical inches ; and, after the com- 
buftion was finifhed, only 23+ cubical inches, 
hkewife reduced to the Rlandard, remained ; fo 
that the quantity of oxygen gas abforbed during 
the combuftion was 1334 cubical inches, equal 
to 69.375 grains. | 

À part of the phofphorus remained uncon- 
fumed in the bottom of the cups, which, being 
wafhed on purpole to feparate the acid, weigh- 
ed about 165 grains ; fo that about 45 grains of 
phofphorus had been confumed : But, asit is 
hardly poffible to avoid an error of one or two 
grains, Ï leave the number {o far qualified. 
Hence, as nearly 45 grains of phofphorus had, 
in this experiment, united with 69.375 grains 
of oxygen, and as no gravitating matter could 
have efcaped through the glafs, we have a right 
to conclude, that the weight of the fubftance re- 
fulting from the combuftion in form of white 

-flakes, muft equal that of the phofphorus and 
oxygen employed, which amounts to 1 14.375 
grains. And we fhall prefently find, that thele 
flakes confifted entirely of a ,folid or concrete 
acid. When we reduce thefe weights to hun- 

dredth 
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dredth parts, it will be found that 100 parts of 
phofphorus require 154 parts of oxygen for fa- 
turation, and that this combination will produce 
254 parts of concrete phofphoric acid, in form 
of white fleecy flakes. 

This experiment proves, in the moft convin- 
cing manner, that, at a certain degree of tempe- 
rature, oxygen poflefles a ftronger elective at- 
traction, or affinity, for phofphorus than for ca- 
loric ; and that, in confequence of this, the phof- 
phorus attraéts the bafe of oxygen gas from the 
caloric, which, being fet free, fpreads itfelf over 
the furrounding bodies. But, though this ex- 
periment be [o far perfeétly conclufive, it is not 
fufficiently rigorous ; for, in the apparatus de- 
fcribed above, it is impoñlible to afcértain the 
weight of the flakes of concrete acid which are 
formed ; we can therefore only determine this 
by calculating the weights of oxygen and phof- 
phorus employed ; But as, in phyfics, and in 
chemiftry, it is not allowable to fuppofe what is 
capable of being afcertained by direct experi- 
ment, I thought it neceflary to repeat this expe- 
riment, as follows, upon a larger fcale, and by 
means of a different apparatus. 

I took a large glafs balloon A, PI IV. fig. 4. 
with an opening of three inches diameter, to 
which was fitted a cryftal ftopper ground with 
emery, and pierced with two holes for the tubes 
yyy, xxx. Before fhutting the balloon with its 

ftopper, 
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ftopper, I introduced the fupport BC, furmount- 
ed by the China cup D, containing 150 grs. of 
phofphorus ; the flopper was then fitted to the 
opening of the balloon, luted with fat lute, and 
covered with flips of linen fpread with quicklime 
and white of eggs When the lute was perfect- 
ly dry, the weight of the whole apparatus was 
determined to within a grain, or a grain and a 
half. I next exhaufted the balloon, by means 
of an air-pump applied to the tube xxx, and 
then introduced oxygen gas by means of the 
tube yyy, which has a ftop-cock adapted toit. 
This kind of expériment is moft readily and 
moft exactly performed bÿ means of the hydro- 
pneumatic machine defcribed bÿ Mr Meufnier 
and myfelf in the Memoirs of the Academy for 
1782, p. 466, and explained in the latter part 
of this work, with feveral important additions 
and corrections fince made to it by Mr Meuf- 
nier. With this inftrument, we can readily af- 


Certain, in the moft exaét mannner, both the . 
 quantity of oxygen gas introduced into the bal- 


loon, and the quantity confumed during the 
courfe of the experiment. 

When all things were properly difpofed, I fet 
fire to the phofphorus with a burning glafs : 
The combuftion was extremely rapid, accompa- 
nied with a bright flame, and much heat: As 
the operation went one, large quantities of white 
flakes gradually attached themfelves to the in- 

ner 
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ner furface of the balloon, until at laft it was 
rendered quite opake. The quantity of thefe 
flakes'at the end became fo abundant, that, 
though frefh ôxyen gas was continually fup- 
plied, which ought to have fupported the com- 
buttion, the phofphorus became extinguifhed. 
Having allowed the apparatus to cool complete. 
ly, I firft afcertained the quantity of oxygen gas 
employed, and weighed the balloon accurately, 
before it was opened. [ next wafhed, dried, 
and weighed the fmall quantity of phofphorus 
remaining in the cup, on purpofe to determine 
the whole quantity of phofphorus confumed in 
the experiment ; this refiduum of the phofpho- 
rus was of a yellow ochrey colour. Itis evi- 
dent, that by thefe feveral precautions, I could 
eafily determine the weight of the phofphorus 
confumed ; the weight of the flakes produced 
by the combuftion; and the weight of the 
oxygen which had combined with the phofpho- 

rus. | 
This experiment gave very nearly the fame 
refults with the former, as it proved, that the 
phofphorus, during its combuftion, had abforbed 
a little more than one and a half its weight of 
oxygen; and Ilearned with more certainty, 
that the weight of the new fubftance, produced 
in the experiment, exa@ly equalled the fum 
of the weights of the phofphorus confumed, 
and oxygen ablorbed, which indeed was eañly 
determinable 
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determinable à priori. IF the oxygen gas em- 
ployed be pure, the refiduum after combuftion 
is as pure as the gas employed: This proves 
that nothing efcapes from the phofphorus, ca- 
pable of altering the purity of the oxygen gas, 
and that the only ation of the phofphorus is to 
feparate the oxygen from the caloric, with which 
it was before united. 

I mentioned above, that when any ENTE 
ble body is burnt in 2 hollow fphere of ice, or 
in an apparatus properly conftruéted upon that 
principle, the quantity of ice melted during the 
combuftion is an exaét meafure of the quantity 
of caloric difengaged. On this fubje&, the me- 
moir given to the Academy by M. de la Place 
and myfelf, anno 1780, p. 355, may be confulted. 
Having fubmitted the combuftion of phofphorus 
to this trial, we found that one pound of phof- 
phorus melted a little more than 100 pounds of 
ice during its combuftion. à 

The combuftion of phofphorus fucceeds equal- 
1ÿ well in atmofpheric air as in oxygen gas, with . 
this difference, that the combuftion is vañtly 
flower, being retarded by the large proportion of 
azotic gas mixed with the oxygen gas; and that 
only about one-fifth part of the air employed is 
abforbed, becaufe, as the oxygen gas only is ab- 
forbed, the proportion of the azotic gas becomes 
fo great towards the clofe of the experiment, as 
to put an end to the combuition, 

I 
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I have already fhewn, that phofphorus is 
changed by combuftion into an extremely light, 
white, flakey matter. Its properties are likewife 
entirely altered by this transformation ; from 
being infoluble in water, it becomes not only 
foluble, but fo greedy of moifture, as to attract 
the humidity of the air with aftonifhing rapidi- 
ty: By this means it is converted into a liquid, 
confiderably more denfe, and of more fpeciñc 
gravity, than water. In the ftate of phofphorus 
before combuftion, it had fcarcely any fenfible 
tafte ; by its union with oxygen it acquires an 
extremely fharp and four tafte; in a word, from 
one of the clafs of combuftible bodies, it is chan- 
ged into an incombuftible fubftance, and becomes 
one of thofe bodies called acids. 

This property of a combuftible fubftance to 
be conveited into an acid, by the addition of 
oxygen, we fhall prefently find belongs to a 
great number of bodies : Wherefore, ftridt logic 
requires that we fhould adopt a common term 
for indicating all thefe operations which produce 
analogous refults. ‘This is the true way to fim- 
plify the ftudy of fcience, as it would be quite 
impoflible to bear all its fpecifical details in 
the memory, if they were not claflically ar- 
ranged. For this reafon, we fhall diftinguifh 
the converfion of phofphorus into an acid, by 
its union with oxygen, and in general every! 
combination of oxygen with a combuftible fub-. 

ftance,, 
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ftance, by the term of oxygenation: From this 
J fhall adopt the verb to oxygenate ; and of con- 
fequence fhall fay, that in oxygenating phofpho- 
rus we convert it into an acid. 

Sulphur is likewife a combuftible body, or, in 
Other words, it is a body which pofefles the 
power of decompoñng oxygen gas, by attract- 
ing the oxygen from the caloric with which it 
Was combined. This can very eafly be proved, 
by means of experiments quite fimilar to thofe 
we have given with phofphorus; butit is ne- 
ceflary to premife, that in thefe operations with 
fulphur, the fame accuracy of refult is not to 
be expected as with phofphorus; becaufe the 
acid which is formed by the combuftion of ful- 
phur is diflicultly condenfible, and becaufe ful- 
phur burns with more difficulty, and is foluble 
in the different gafes. But I can fafely affert, 
from my own experiments, that fulphur in 
burning abforbs oxygen gas ; that the refulting 
acid is confiderably heavier than the fulphur 
burnt ; that its wéight is equal to the fum of. 
the weights of the fulphur which has been 
burnt, and of the oxygen abforbed ; and, laftly, 
that this acid is weighty, incombuftible, and 
mifcible with water in all proportions. The only 
üncertainty remaining upon this head, is with 
regard to the proportions of fulphur and of 
oxygen which enter into the compofñition of the 
acid. 

Charcoal, 


LI 
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Charcoal, which, from all our prefent know- 
ledge regarding it, muft be confidered as a fim- 
ple combuftible body *, has likewile the proper- 
ty of decompofing oxÿgen gas, by abforbing its 
bafe from the caloric: But the acid refulting 
from this combuftion does not condenfe in the 
common temperature ; under the preflure of our 
atmofphere, it remains in the ftate of gas, and 
requires a large proportion of water to combine 
with, or be diffolved in. This acid has, how- 
ever, all the known properties of other acids 
though in a weaker degree, and combines, like 
them, with all the bafes which are fufceptible of 
forming neutral falts. | 

‘The combuftion of charcoal in oxygen gas, 
may be effected like that of phofphorus in the 
bell-glafs, À, PI. IV. fig. 3. placed over mer-. 
cury : But, as the heat of red-hot iron is not: 
fufficient to fet fire to the charcoal, we muft: 
add atfmall morfel of tinder, with a minute: 
particle of phofphorus, in the fame manner as is: 
directed in the experiment for the combuftion) 
ofiron. A detailed account of this experimentt 
will be found in the Memoirs of the Academy 

for 





# This affertion 15 to be underftood.of the pure combufti 
ble part of charcoal, which, in the nomenclature, is namec 
carbon, carbonum, to diftinguifh it from charcoal, charbom 
carbo: The latter, befides carbon, contains fome incomi 
buftible earth, and certain falts.—T. 
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for 1781, p.448. By that experiment, it ap- 
pears, that 28 parts by weight of carbon require 
72 parts of oxygen for faturation, and that the 
aëriform acid produced is precifely equal in 
weight to the fum of the weights of the char- 
. coal confumed and oxygen gas employed during 
the combuftion. This aériform acid was called 
fixed or fixable air by the chemifts who firft dif- 
covered it; they did not then know whether it 
was air refembling that of the atmofphere, or 
fome other elaftic fluid, vitiated and corrupted 
by combuftion ; but fince it is now afcertained to 
be an acid, formed like all others by the oxyge- 
nation of its peculiar bafe, it is obvious that the 
name of fixed air is quite ineligible *. 

By burning charcoal in the apparatus men- 
* tioned, p. 60, Mr de la Place and I found that 
one /b. of charcoal melted 096,375 lbs. of ice ; 
that, during the combuftion, 2.5714 libs. of oxy- 
gen were abforbed, and that 3.5714 bs. of acid 
gas were formed. This gas weighs 0.695 parts 
of a grain for each cubical inch, in the common 

Vo. I. H ftandard 


* It may be proper to remark, though here omitted 
by the author, that, in conformity with the general prin- 
_ciples of the new nomenclature, this acid is by Mr La. 
voilier and his colleagues called the carbonic acid, and 
when in the aëriform flate, carbonie acid gas.—T. | 
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ftandard temperature and preflure mentioned a- 
bove, fo that 34242 * cubical inches of acid gas 
are produced by the combuflion of one pound of 
charcoal. | 
I might multiply thefe experiments, and fhow, 
by a numerous fucceflion of faëts, that all acids 
are formed by the combuftion of certain fubftan- 
ces; but 1 am prevented from doing fo in this 
place, by the plan which I have laid down, of 
proceeding only from faëts already afcertained 
fo fuch as are unknown, and of drawing my 
examples only from circumftances already ex- 
plained. In the mean time, however, the 
three examples above cited, may fufice for gi- 
ving a clear and accurate conception of the: 
manner in which acids are formed. By thelfe, 
it may be clearly feen, that oxygen is an ele- 
ment common to them all, and which confti- 
tutes or produces their acidity ; and that they 
differ from éach other, according to the feveral 
natures of the oxygenated or acidified fubftan- 
ces. We muft, therefore, in every acid, care- 
fully 
* Some error muft Have crept into Mr Lavoifer’s cal- 
culation ; for, on the data here given,mhe number of cu- 
bical inches of gas ought to have been 47358.3: as 3.5714 


Bibs. of carbonic acid gas, or 32914.0224 &rs. when di- 
vided by .695, the weight of a cubical inch, give this 


carreéted quotient.— 


/ 
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fully diftinguiflh between the acidifiable bafe, 


which Mr de Morveau calls the radical, and the 
acidifying principle, or oxygen, 


H 2 | CHAP, 
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CHAP. VI 


Of the Nomenclature of Acids in general, and par- 
ticularly of thojé drawn from Nitre and Sea- 
Salt. 


1. becomes extremely eafy, from the princi- 
ples laid down in the preceding chapter, to 
eftablifh a fyfematic nomenclature for the a- 
cids: The word acid being ufed as a generic 
term, each acid falls to be diftinguifhed in lan- 
guage, as in nature, by the name of its bafe or 
radical. Thus, we give the generic name of 
acids to the products of the combuftion or oxy- 
genation of phofphorus, of fulphur, and of car- 
bon ; and thefe products are refpetively named, 
the phofphoric acid, the Julpburic acid, and th 
carbonic acid. 

There is, however, a remarkable circum 
ftance in the oxygenation of combuftible bo 
dies, and of a part of fuch bodies as are con 
vertible into acids, that they are fufceptible o 
different degrees of faturation with oxyger 
and that the refulting acids, though formed b 
the union of the fame elements, are poñleffed c 
different properties, depending upon that dil 
ference of proportion. Of this, the phofphori 
acid, and, more efpecially, the fulphuric, fu: 

nil 
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nifh us with examples. When fulphur is com- 
bined with a fmall proportion of oxygen, it 
forms, in this firft or lower degree of oxygena- 
tion, a volatile acid, having a penetrating odour, 
and poflefled of very “peculiar qualities. By a 
larger proportion of oxygen, it is changed into 
a fixed, heavy acid, without any odour, and 
which, by combination with other bodies, gives 
products quite different from thofe furnifhed 
by the former. In this inftance, the RRRERIES 
of our nomenclature feem to fail ; and it appears 
difficult to derive fuch terms fo the name of 
the acidifiable bafe, as fhall diftintly exprefs 
thefe two degrees of faturation, or oxygenation, 
without circumlocution. By refle&tion, how- 
ever, upon the fubjett, or perhaps rather from 
the neceflity of the cafe, we have thought it al- 
lowable to exprefs thefe varieties in the oxyge- 
nation of the acids, by fimply varying the termi- 
nation of their fpecific names. The volatile acid 
produced from fulphur was anciently known 
to Stahl under the name of jxlphurous acid *. 

me "We 


* The term formerly ufed by the Englifh chemifts for 
-this acid was written fulphureous ; but I have thought pro- 
per to fpell it as above, that it may better conform with the 
 fimilar terminations of nitrous, carbonous, &c. to be ufed 
hereafter. In general, [have ufed the Englifh terminations 
fe and ovs to tranflate the terms of the Author which end 
With ique and eux, with hardly any other alterations.—T, 
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We have preferved that term for this acid from 
fulphur under faturated with oxygen ; and dif- 
tinguifh the other, or completely faturated or 
oxygenated acid, by the name of /x/phuric acid. 
We fhall therefore fayy in this new chemical 
language, that fulphur, in combining with oxy- 
gin, is fufceptible of two degrees of faturation ; 
that the firft, or leffer degree, conftitutes {ul- 
phurous acid, which is volatile and penetrating ; 
while the fecond, or higher degree of faturation, 
produces fulphuric acid, which is fixed and in- 
odorous. We fhall adopt this difference of ter- 
mination for all the acids which afame feveral 
degrees of faturation. Hence we have a phof- 
phorous and a phofphoric acid, an acetous and 
an acetic acid; and fo on, for others in fimilar 
circumftances. 

This part of chemical fcience would have 
been extremely fimple, and the nomenclature 
of the acids would not have been at all per- 
plexed, as it is now in the old nomenclature, if 
the bafe or radical of each acid had been known 
when the acid itfelf was difcovered. Thus, for 
inftance, phofphorus being a known fubftance 
before the difcovery of its acid, this latier was 
rightly diftinguifhed by a term drawn from the 
name of its acidifiable bafe. But when, on the 
contrary, an acid happened to be difcovered 
before’ it: bafe, or rather, when the acidifiable 
bafe from which it was formed remained un- 

known, 
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known, names were adopted for the two, which 
have not the fmalleft connection ; and thus, 
not only the. memory became burdened with 
ufelefs appellations, but the minds of ftudents, 
nay even of experienced chemifts, became fill- 
ed with falfe ideas, which time and refletion 
alone are capable of eradicating. We may 
give an inftance of this confufon with refpect 
to the acid of fulphur :: The former. chémifts, 
having procured this acid from the vitriol of 
iron, gave it the name of the vitriolic acid. from 
the name of the fubftance which produced it ; 
and they were then ignorant that the acid pro- 
cured Hp by combuftion was exa@tly 
the fame. The fame thing happened with the 
aëriform acid, formerly called fixed air ; it not 
being known that this acid was the refult of 
combining carbon with oxygen, a variety of 
denominations have been given to it, not one 
of which conveys juft ideas of its nature or ori- 
gin. #, 
We have found it extremely eafy to correct 
and modify the ancient language with refpect 
to thofe acids which proceed from known bafes ; 
having converted the name of witriolic acid into 
-that of fulphuric, and the name of Jixed air in- 
to that of carbonic acid: But it is impoffible 
to follow this plan with-the acids whofe bafes 
are fill unknown ; with thefe we have been 
obliged to ufe a contrary plan, and, inftead of 
H 4 forming 
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forming the name of the acid from that of its 
bafe, have been forced to denominate its un- 
known bafe from the name of the known acid, 
as happens in the cafe of the acid which is pro- 
eured from fea-falt. 

To difengagée this acid from the alkaliné bafe 
with which it is combined, we have only to 
pour fulphuric acid upon fea-falt ; immediately 
a brifk effervefcence takes place, white vapours 
arife, of'a very penetrating odour, and, by gen- 
tly heating the mixture, all the acid is driven 
off. As, in the common temperature and pref- 
fure of our'atmofphere, this acid is naturally in 
the ftate of gas, we muft ufe parti@tilar precau- 
tions for retaining it in proper veflels. For fmal} 
expériments, the moft fimple and moft com- 
modious apparatus confifis of a fmall retort G, 
PI. V. Fig. &. into which the fea falt is introdu- 
ced, well dried * ; we then pour on fome concen- 
trated fulphuric acid, and immediately introduce 
the beak of the retort under little jars or bell. 
glafles A, fame Plate and Fig. previoufly fill- 
ed with quickfilver, In proportion as the acid 
gas is difengaged, it pañles into the jar, and 
gets to the top of the quickfilver, which it dif- 

_ places. 


* For this purpofe, the operation called decrepitation is 
ufed, which confifts in fubjeéting it to nearly a red heat, in 
a proper veflel, fo as Lo evaporate all its water ot eryfial. 
lization.—T. 
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places. When the difengagement of the gas 
-flackens, a gentle heat is applied to the retort, 
and is gradually increafed, till nothing more 
pafles over This acid gas has à very ftrong 
affinity with water, which abforbs an enormous 
quantity of it; this is proved by introducing à 
very thin layer of water into the glafs which con- 
tains the gas, for, in an inftant, the whole acid 

gas difappears, and combines with the water. 
This latter circumftance is taken advantage of 
in laboratories and manufaétories, on purpofe to 
obtain the acid of fea-falt in a liquid form ; and 
for this purpofe the apparatus, PI. LV. fig. x, is 
employed. : It confifts ; of a tubulated retort A, 
into which the fea-falt, and after it the fulphuric 
acid, are introduced through the opening H; 
of the balloon or recipient c, &, intended for 
containing the {mall quantity of liquid which 
paffes over during the procels ; and of a fet of 
bottles with two mouths, L, L, L, L, half filled 
with water, intended for abforbing the gas dif- 
engaged by the diftillation. This apparatus will 
be more amply defcribed in the latter part of 

this work. 

Although we have not yet been able, either 
_to compole or to decompound this acid of fea- 
falt, we cannot have the fmalleft doubt that it, 
like all other acids, is compoled by the union 
of oxygen with an acidifiable bafe. We have 
therefore called this unknown fubftance the 
Mmuriatic 
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onuriatic bafe, or muriatic radical, deriving this 
pame, after the example of Mr Bergman and 
Mr de Morveau, from the Latin word #wria, 
which was anciently ufed to fignify .fea-falt, 
Thus, without being able exactly to determine 
the component parts of muriatic acid, we defign 
by that term a volatile acid, which retains the 
form of gas in the common temperature and 
preflure, of our atmofphers ; which combines 
with great facility, and in great quantity, with 
water ; and whofe acidifiable bafe adheres fo 
very intimately with: oxygen, that no method 
has hitherto * been devifed for feparating them. 
If ever this acidifiable bafe of the muriatic acid 
is difcovered to be a known fubftance,: though 
now unknown in that capacity, it will be requi- 
fite to change its prefent denomination for one 
analogous with that of its bale. 

In 


* Dr Girtanner is faid to have lately difcovered, that 
Hydrogen is the bafe or radical of this acid. Should this 
difcovery be confirmed, the terms will here require fome 
farther alteration, in conformity with the general prin- 
ciples of the new nomenclature. At any rate, #uriogen 
may be employed to denominate the bafe of the muria- 
tic acid, till its nature be unequivocally determined ; and, 
if the difcovery attributed to Dr Girtanner be afcertain- 
ed, the common bafe of water and muriatic acid will more 
properly fall to be named by this new term, than by that 
of Hydrogen.—T 
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In common with fulphuric acid, and feveral 
other acids, the muriatic is capable of different 
degrees of oxygenation ; but the excefs of oxy- 
gen produces quite contrary effeéts upon it from 
what the fame circumftance produces upon the 
acid of fulphur. The lower degree of oxygena- 
tion converts fulphur into a volatile gafeous 
acid, which only mixes in fmall proportions 
with water ; while a higher oxygenation forms 
an acid pofleffing much ftronger acid proper- 
ties, which is very fixed, and cannot remain in 
the ftate of gas, but in a very high temperature, 
which has no fmell, and which mixes in large 
proportion with water. With muriatic acid, 
the direct reverfe takes place; an additional 
faturation with oxygen renders it more volatile, 
of a more penetrating odour, lefs mifcible with 
water, and diminifhes its acid properties. We 
were at firft inclined to have denominated thefe 
two degrees of faturation in the fame manner 
as we had done with the acid of fulphur, call- 
ing the lefs oxygenated wuriatous acid, and 
that which is more faturated with oxygen wu- 
riatic acid: But, as this latter gives very par- 
ticular refults in its combinations, and as no- 

-thing analogous to it is yet known in chemif- 
try, we have left the name of muriatic acid 
to the lefs faturated, and give the latter the 


more 


e 
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more compounded appellation of oxygenated mu- 
riatic acid*. 

Although the bafe or radical of the acid 
which is extrated from nitre or faltpetre be 
better known, we have judgcd proper only 
to modify its name in the fame manner with 
that of the muriatic acid. It is procured from 
nitre, by the intervention of fulphuric acid, 
by a procefs fimilar to that defcribed for ex- 
trading the muriatic acid, and by means of 
the fame apparatus, PI. IV. Fig. 1. In propor- 
tion as the acid pañles over, it is in part con- 
denfed in the balloon or recipient, and the reft 
is abforbed by the water contained in the bot- 
tles L, L, L, L; the water becomes firft green, 
then blue, and at laft yellow, in proportion to 
the concentration of the acid. During this 
operation, a large quantity of oxygen gas, mix- 
ed with a fmall proportion of azotic gas, is dif- 
engaged. 

This acid, like all others, is compôfed of exy- 
gen, united to an acidifiable bafe, and is even 
the firft acid in which the exiftence of oxygen 

was 


# The compound term, #wrioxic acid, might ferve ve- 
ry conveniently for exprefling this flate of the muriatic 
acid: In ftriét conformity with the general principles of 
the new chemical philofophy, and its nomenclature, it 
fhould have been called /uper-oxygenated, inftead of oxy+ 
genated muriatic acid ; for all acids are oxy genated.—T, 
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was well afcertained, Its two conftituent ele- 
ments are but weakly united, and are eafly 
feparated, by prefenting any fubftance with 
which axygen has a ftronger affinity than with 
the acidifiable bafe peculiar to this acid. By 
fome experiments of this kind, it was ficft dif- 
covered that azot, or the bale of mephitis or of 
azotic gas, conftituted its acidifiable bafe or 
radical; and confequentiy, that the acid of 
nitre was really an azotic acid, having azot for 
its bafe, combined with oxygen. For thefe 
reafons, that we might be confiftent with our 
_ principles, it appeared neceflary, either to call 
the acid azotic, or to name the bafe nitric ra- 
dical; but from either of thefe we were dif£- 
fuaded, by the following confiderations. It 
feemed difficult to change the name of nitre 
or faltpetre, which have been univerfally ad- 
opted in fociety, in manufaétures, and in che- 
miftry; and, on the other hand, azot having 
been difcovered by Mr Berthollet to be the 
“ bafe of volatile alkali, or, ammoniac, as well as 
of this acid, we thought it improper to call it 
nitric radical We have therefore continued 
the term of azot to the bafe of that part of 
atmofpheric air which is likewife the nitric 
and ammoniacal radical ; and we have named 
the acid of nitre, in its lower and higher de- 
grees of oxygenation, #itrous acid in the for. 

mer, 
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mer, and #itric acid in the latter ftate; thus 
preferving its former appellation properly modi- 
fied. | 

Several very refpectable chemifts have dif- 
approved of this deference for the old terms, 
and wifhed us to have perfevered in perfecting : 
a new chemical language, without paying any 
refpeét to ancient ufage ; fo that, by thus fteer- 
ing a fort of middle courfe, we have expofed 
ourfelves to the cenfures of one fe& of che- 
mifts, and to the expoftulations of the oppoñite 
party. 

The acid of nitre 1s fufceptible of affuming a 
great number of feparate ftates, depending up- 
on its degree of oxygenation, or upon the pro- 
portions in which azot and oxygen enter intoits 
compofition. By a firft or loweft degree of oxy- 
genation, it forms a particular fpecies of gas, 
which we fhall continue to name #itrous gas ; 
this is compofed nearly of two parts, by weight, 
of oxygen combined with one part of azot, 
and in this flate it is not mifcible with water. 
In this gas, the azot is by no means fully fatu- 
rated with oxygen, but, on the contrary, has. 
fill a very great affinity for that element, and 
even attracts it from atmofpheric air, imme- 
dately upon getting into contaét with it. This 
combination of nitrous gas with the oxygen gas 
contained in atmofpheric air, has even become 

one 
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one of the methods for determining the quantity 
of oxygen gas mixed with any portion of air, 
and confequently is ufed as a teft for afcertain- 
ing its degree of falubrity. 

The further addition of oxygen converts 
the nitrous gas into a powerful acid, which 
has a ftrong affinity with water, and which 
is it{elf fufceptible of various additional degrees 
of oxygenation. When the proportions of 
oxygen and azot are below three parts, by 
weight, of the former to one of the latter, the 
acid is red coloured, and emits copious fumes. 
In this ftate, by the application of a gentle 
heat, it gives out nitrous gas; and we term 
it, in this degree of oxygenation, itrous acid. 
When four parts, by weight, of oxygen, are 
combined with one part of azot, the acid is 
clear and colourlefs ; more fixed in the fire 
than the nitrous acid ; has lefs odour, and 
its conftituent elements are more firmly uni- 
ted: This fpecies of acid, in conformity with 
our principles of nomenclature, is called #itric 
acid. 

Thus, nitric acid is the acid of nitre, fur- 
charged with oxygen; nitrous acid is the acid 
of nitre furcharged with azot, or what is the 
fame thing, with nitrous gas ; and this latter is 
azot not fufliciently faturatéd with oxygen to 
poflefs the properties of an acid. To this lat- 

tcr 
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ter degree of oxygenation, we have afterwards, 
in the courfe of this work, given the generical 
name of oxyd *. 


” 


CHA P. 


* In ftrict conformity with the principles of the new 
nomenclature, but which the author has given his reafons 
for deviating from in this inftance, the following ought to 
have been the terms for azot, in its feveral degrees of oxy- 
genation: Azot, azotic gas (azot combined with caloric}, 
azotic oxyd gas, azotous acid, and azotic acid.—T. 
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CHAP. VII. 


Of the Decompofition of Oxygen Gas by means 7 
Metals, and the Formation of Metallic Oxyds. 


XYGEN has a ftronger affinity with me- 
tals that are heated to a certain degree 
than with caloric : In confequence of this, all 
metallic bodies, excepting gold, filver, and pla- 
tina, have the property of decompofing oxy- 
gen gas, by attrating its bafe from the caloric 
with which it was combined. We have already 
fhown in what manner this decompofition is ef- 
fected by means of mercury and iron; having 
obferved, that, in the cafe of the firft, it muft 
be confidered as a kind of gradual combuftion, 
whereas, in the latter, the combuftion is ‘ex- 
tremely rapid, and is attended with a brilliant 
flame. The ufe of the heat employed in thefe 
operations is to feparate the particles of the me- 
tal from each other, and to diminifh their at- 
traction of cohefion or aggregation, or, what is 
the fame thing, their mutual attraction for each 
other. 
The abfolute weight of all metallic fubftan- 
es is augmented in proportion to the quantity 
oz, L I of 
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of oxygen they abforb ; they, at the fame time, 
lofe their metallic fplendour, and are reduced 
to the appearance of an earthy pulverulent mat- 
ter: In this ftate, metals muft not be confider- 
ed as entirely faturated with oxygen, becaufe 
their ation upon this element is counter-ba- 
lanced by the power of aflinity between it and 
the caloric. During the calcination of metals, 
the oxygen is therefore acted upon by two fe- 
parate and oppolite powers, that of its attrac- 
tion for caloric, and that exerted by the metal ; 
and it only tends to unite with the metal in 
confequence of the excefs of the latter power 
over the former, which is, in general, very 
inconfiderable. Wherefore, when metallic fub- 
flances are oxygenated in atmofpheric air, or 
in oxygen gas, they are not converted into 
acids, like fulphur, phofphorus, and carbon, 
. but are only changed. into intermediate fub- 
ftances, which, though approaching to the na- 
ture of falts, have not acquired all the faline 
properties. 

The older chemifts have affixed the name of 
calx not only to metals in this ftate, but to eve- 
ry body which has been long expofed to the 
ation of fire without being melted. They 
have employed this word calx as a generical 
term ; under which they confound calcareous 
earth, which, from a neutral falt, which it 
really was before calcination, has been chan- 

ged 
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ged by fire into an earthy alkali, by /o/fng, half 
of its weight ; and metals, which, by the fame 
means, have joined themfelves to a new fub- 
ftance, the added quantity of which often ex- 
ceeds half their weight, and by the addition of 
which they have been changed almoft into the 
nature of acids. This mode of claffifying fub- 
ftances, of fo very oppoñite natures, under the 
fame generic name, would have been quite con- 
trary to our principles of nomenclature ; efpe- 
cially as, by retaining the above term for this 
ftate of metallic fubftances, we muft have con- 
veyed very falfe ideas of its nature. We have, 
therefore, laid afide the expreffion wetallic calx 
altogether, and have fubftituted in its place the 
term oxyd, from the Greek word cu. 

By this readinefs for fupplying appoñite terms, 
it is evident that the language we have adopt- 
ed ïs both copious and expreflive. The firft 
or loweft degree of oxygenation in bodies, con- 
verts them into oxyds ; a fecond degree of ad- 
ditional oxygenation conftitutes that clafs of 
acids, of which the fpecific names, drawn from 
their particular bafes, terminate in ous, as the 
nitrous and /ulphurous acids ; the third degree 
of oxygenation changes thefe into that divifion 
of acids, which are diftinguifhed by the termi- 
ation in ic, as the zitric and fulphuric acids ; 
and, laftly, we can exprefs a fourth, or higheft 


egree of oxygenation, by adding the word oxy- 
L2 genated 
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genated to the name of the acid, as has been al- « 
ready done with the oxygenated muriatic acid. 
We have not confined the term oxyd to the 
purpofe of exprefling the.combination of metals 
with oxygen, but have extended it to fignify « 
that firft degree of oxygenation in all bodies, » 
which, without converting them into acids, … 
caufes them to approach to the nature of falts. 
Thus, we give the name of oxyd of fulpbur ta 
that foft fubftance into which fulphur js con- 
verted by incipient, or imperfect combuftion ; 
and we call the yellow matter left by phofpho- 
rus, after combuftion, by the name of oxyd of 
bhofpborus. {In the fame manner, nitreus gas, . 
which is azot in its firft degree of oxygenation,, 
is the oxyd of azot*. We have likewife oxyds in! 
great numbers from the vegetable and animall 
kingdoms ; and I fhall fhew, in the fequel, that: 
this new language throws great light upon alll 
the operations of art and nature. 
We have already obferved, that almoft all 
the metallic oxyds have peculiar and permas 
nent 














* Mr Lavoifer here ufes the term oxyd of azot, but ii 
is no where elfe adopted in the new nomenclature ; though 
as Ï have mentioned in a former note, it is more legitii 
mate than the term nitrous gas ; which laft he has retainn 
ed, both becaufe it has long been employed, and chiefij 
becaufe, as a familiar term in chemiftry, it conveys nt 
ideas contradiétory to the real nature of the fubftance it ii 
meant to exprefs.—T, 


\ 
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ñént éolours. ‘Thefe varÿy not only in the dif- 
ferent fpecies of metals, but even according to 


the various degrees of oxygenation in the fame 


metal. Hence we are under the neceflity of 
adding two epithets to each oxyd, one of which 
indicates the metal oxydated *, while the other 
indicates the peculiar colour of the oxyd. 
Thus, we have the black oxyd of iron, the red 
oxyd of iron, and the yellow oxyd of iron; 
which expréffions refpectively anfwer to the old 
unmeaning terms of martial ethiops, colcothar, 
and ruft of iron, or ochre. We have likewife 
the grey, yellow, and red oxyds of lead, which 
anfwer to the equally falfe or infignificant old 
terms, litharge, afhes of lead, maflicot, and mi- 
jium. 

Thefe denominations fometimes become ra- 
ther long, efpecially when we mean to indi- 
cate whether the metal has been oxydated in 
the air, by detonation with nitre, or by means 
of acids ; but then they always convey juft 
| ka and 


* Here we fee the word oxyd converted into the verb 
to oxydate, oxydated, oxydating, aftèr the fame manner, 
with the derivation of the verb to oxygenate, oxygenated, 
oxygenating, from the word oxygen. I am not clear of the 
abfolute neceflity of this fecond verb here firft introduced, 
but think, that, in a work of this nature, it is the duty of 
the tranflator to negleét every other confideration for the 
fake of fri@ fidelity to the ideas of his author.—T,, 
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and accurate ideas of the correfponding objects 
which we wifh to exprefs by their ufe. All this 
will be rendered perfectly clear and diftinét by 
means of the tables which are added to this 
work. 
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Of the Radical Principle of Water, and of its 
Decompofition by Charcoal and Iron. 


F YNTIL very lately, water has always been 

thought a fimple fubftance ; infomuch 
that the older chemifts confidered it as an ele- 
ment. Such it undoubtedly was to them, as 
they were unable to decompofe it ; or, at leaft, 
fince the decompofition which took place daily 
before their eyes, was entirely unnoticed. But 
we mean to prove, that water is by no means a 
fimple or elementary fubftance. I fhall not 
here pretend to give the hiftory of this recent, 
and hitherto contefted difcovery, which is de- 
tailed in the Memoirs of the Academy for 1781, 
but fhall only bring forward the principal 
proofs of the decompoftion, and compofition of 
water ; and Î may venture to fay, that thefe will 
be convincing to fuch as confider them impar- : 
tially. 


Experiment Firft. 


Having fixed the glafs tube EF, Plate VII. 
Fig. 11. of from 8 to 12 lines diameter, acrofs a 
I 4 furnace, 


r6 ELEMENTS 


furnace, with a fmall inclination from Eto F ; 
late the fuperior extremity E to the glafs retort 
À, containing a determinate quantity of diftil- 
led water; and to the fuperior extremity F, lute 
the worm SS, fixed into the neck of the doubly 
tubulated-bottle H; which laft has the bent tube 
KK adapted to one of its openings, in fuch a 
manner as to convey fuch aëriform fluids or 
gales as may be difengaged. during. the: experi- 
ment, into a proper apparatus for determining 
their quantity and nature. 

To render the fuccefs of this experiment cer- 
tain,-it-is neceflary that the tube EF be made 
of well annealed and diffcultly fuñible glafs, and 
that it be coated over with a lute compofed of 
clay mixed with powdered flone-ware ; befides 
which, it muft be fupported about its middle by 
means-of an iron. bar pañled through the fur- 
nace, left it fhould foften and bend during the 
experiment. À tubo of China-ware or porce- 
lain, would anfwer better than one of glafs for 
this experiment, were it not difficult to procure 
oné fo-entirely free from pores as to prevent the 
pañfage of the air or vapours, 

When things are thus arranged, a fire is light- 
ed in the furñace EFCD, which is fupported of 
fuch a ftrength as to keep the tube EF red hot, 
but not to make it melt ; and, at the fame time, 
fach a fire is kept up in the furnace VVXX, as 

to 
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to keep the water in the retort À continuallw 
boiling. 

In proportion as the water, in the retort A, 
is evaporated,it fillsthe tube EF, and drives out 
the air contained: through the tube KK ; the 
aqueous gas formed by evaporation is condenfed 
by cooling in the worm SS, and falls, drop by 
drôp; into the tubulated bottle H. Having con- 
tinued this operation until all the water be eva- 
porated from: the retort, and. baving carefully 
emptied all the veflels employed, we find that a 
quantity of water has pafled over into the bottle 
H, exa@ly equal to what was before contained 
in the retort À, without any difengagement of 
gas whatfoever : So that this experiment turns: 
out to be a fimple diftillation ; and the refult 
would have been exactly the fame, if the wa- 
ter had been run from one veflel into the 
other, without having undergone the interme- 
diate incandefcence, by pafling through the red- 
hot tube EF. 


Experiment Second. 


… The apparatus being difpofed, as in the for- 
mer experiment ; 28 grs. of charcoal, broker 
into moderately fmall parts, and which has pre- 
viouflÿ been expofed for a long time to a red 
heat in clofe veflels, are introduced into the tube 

EF : 
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EF: Every thing elfe is managed exa&tly as in 
the preceding experiment. 

The water, contained in the retort À, is diftil- 
led, as in the former experiment, and, being con- 
denfed in the worm SS, falls into the bottle H ; 
but, at the fame time, a confiderable quantity of 
gas is difengaged, which, efcaping by the tube 
KK, is received in a convenient apparatus for 
that purpofe. After the operation is finifhed, we 
find nothing but a few atoms of afhes remaining 
in the tube EF ; the 28 grs. of charcoal having 
entirely difappcaied. | 

When the dilengaged gafes are carefully exa- 
mined, they are found to weigh 113.7 grs.* ; 
thefe are of two kinds, viz. 144 cubical inches 
of ca bonic acid gas, weighing 100 grs. and 380 
cubical inches of a very light gas, weighing 
only 13.7 grs.; this latter gas takes fire, when 
in conta@ with air, by the approach of a light- 
ed body; and when the water which has paf- 
{ed over into the bottle H is carefully examined, 
it is found to have loft 85.7 grs. of its weight. 
Hence, in this experiment, 85.7 grs. of water, 
joined to 28 grs. of charcoal, have combined 
in fuch a way «s to form 100 grs. of carbonic 

: acid, 


* In the latter part of this work, will be found a parti- 
cular account of the proceffes neceffary for feparating the 
different kinds of gafes, and for determining their quan- 
tities, and the particular natures of each.—T, 
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acid, and 13.7 grs. of a particular gas capable 
of being burnt. 

I have already fhown, that 100 grs. of ba: 
nic acid gas confift of 72 grs. of oxygen, com- 
bined with 28 grs. of carbon ; hence the 28 grs, 
of charcoal placed in the glafs tube have acqui- 
red 72 grs. of oxgyen from the water ; and it 
follows, that 85.7 grs. of water are compofed 
of 72 grs. of oxygen, combined with 13.7 grs. 
of a gas fufceptible of combuftion. We fhall 
fee prefently that this gas cannot poffibly have 
been difengaged from the charcoal, and muft 
confequentiy have been produced from the wa- 
rer. 

I have fuppreffled fome circumftances in the 
above account of this experiment, which would 
only have réndered it complicated, and made 
its refults obfcure to the reader. For inftance, 
the inflammable gas diflolves a very fmall part 
of the carbon, by which means its own weight 
is fomewhat augmented, and that of the car- 
bonic gas is proportionally diminifhed. Al- 
though the alteration produced by this cir- 
cumftance is very inconfiderable, yet I have 
thought it neceflary to determine its effects by a, 
rigid calculation, and to report, as above, the 
refults of the experiment in its fimplified ftate, 
as 1f the circumftance had not happened. At 
any rate, fhould any doubts remain refpe&ting 
fhe confequences I have drawn from this experi- 

ment, 
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ment, they will be fully diffipated by the fol: 


lowing experiments, which I am going to adducé 
in fupport of mÿ opinion. 


Experiment Third. 


‘The apparatus being difpofed exattly as in the 
former experimént, with this difference, that in- 
flead of the 28 grs. of charcoal, the tube EF :s 


filed with 274 grs. of foft iron, in thin plates, . 


tolled up fpirally ; the tubé is made red-hot 
by means of its furnace, and the water, in the 


ani “at air: antasuire den dune à fée à EE SE Sc dd | ér n 
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retort À, is kept conftantlÿ boiling till it be all. 


evaporated, and has paffed through the tube 
E F, to be condenfed' in the bottle H. 


No carbonic acid is difengaged in this expe: | 


riment ; inftead of which we obtain 416 cu- 
bical inches, or 16 grs. of inflammable gas; 
thirteen timés lighter * than atmofphéric air: 
By examiming the water which has been diftil- 
led, it is found to have loft 100 grs. and the 
274 grs. of iron confined in the tube are found 


. ton 


* This Ï conceive to be a very improper expreflion. E: 
underftand-the meaning of one fubftance being thirteen: 
times heavier than another, but I do not underftand how! 
one can be thirteen times lighter. One-thirteenth of the: 
weight of the heavier would be the proper expreflion for 
implying the comparative gravity of the lighter body.—# 
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to have acquired 85 grs. additional weight, and 
its magnitude is confiderably augmented. The 
iron is now hardly attractable by the magnet ; it 
diffolves in acids without effervefcence ; in fhort, 
it is converted into a black oxyd, precifely fimi- 
Jar to that produced by the combuftion of iron 
in oxygen gas. 

In this experiment we have a true oxydation 
of iron by means of water, exactly fimiler to 
that produced in air by the affiftance of heat. 
One hundred grains of water having been de- 
compofed, 85 g#s. of oxygen have combined 
with the iron, fo as to convert it into the ftate 
of black oxyd, and 15 grs. of a peculiar inflam- 
mable gas are difengaged: From all this it 
clearly follows, that water is compofed of OXy- 
gen combined with the bafe of an inflammable 
gas, in the refpective proportion of 85 parts 
by weight of the former, to 1 5 parts of the lat. 
ter. 

Thus water, befides the oxygen, which is 
‘one of its elements, as it is of many other fub. 
ftances, contains another element as its con- 
fituent bafe or radical, 4nd for this proper 
principle or element we muft find an ap- 
propriate term. None that we could think 
of feemed better adapted than the word by- 
drogen, which fignifies the generative prin. 
ciple of water, from ÿdve aqua, and Yüivouas pig. 
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nor*, We call the combination of this element 
with caloric hydrogen gas ; and the term hydro- 
gen + expreffes the.bafe of that gas, or the radi- 
cal of water. | 

This experiment furnifhes us with a new 
combuftible body, or, in other words, a body 
which has fo much affinity with oxygen as to 
draw it from its connection with caloric, and to 
decompofe oxygen gas. This combuftible bodÿ 
has itfelf fo great an affinity with caloric, that, 
unlefs when engaged in a combination with fome . 
other body, it always fubfifts in the aëriform 
or gafeous ftate, in the ufual temperature and 
preffure of our atmofphere. In this ftate of gas 


it is about = of the weight of an equal bulk of 
atmofpheric 


* This expreflion Hydrogen, has been very feverely.cri- 
ticifed by fome, who pretend that it fignifies engendered 
by water, and not that which engenders water. 1] am not 
Grecian enough to fettle the grammatical difpute, but the 
experiments related in this chapter prove, that, when 
water is decompofed, hydrogen is produced, and that, 
when hydrogen is combined with oxygen, water is produ- 
ced ; hence we may fay, with equal truth, that water is : 
produced from hydrogen, or hydrogen is produced from 
water.— [. 

+ In a former note, it is mentioned that this element ap- 
pears to be the bafe of muriatic acid, and that, if the difco- 
very be authentic, it might more properly be named ww- 
riogen ; in this cafe what the older chemifts named inflam- 
mable air, will become, in the new nomenclature, #uriogen 
gas, and water will become a real oxpd of muriogen.—T. 
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atmofpheric air; it is not abforbed by water, 
though it is capable of holding a fmall quantity 
of that fluid in folution ; and it is incapable of 
being ufed for refpiration, without producing in- 

ftant death. 
As the property of burning, which this gas 
pofleffes in common with all other combuftible 
bodies, is merely the power of decompofng 
air, and carrying off its oxygen from the calo- 
ric with which it is combined, itis eafily under- 
ftood that it cannot burn, unlefs in conta@ with 
air or oxygen gas. Hence, when we fet fire to 
a bottle full of this gas, it burns gently, firft at 
the neck of the bottle, and then in the infide of 
it, in proportion as the external air gets in: 
This combuftion is flow and fucceflive, and on- 
ly takes place at the furface of contact between 
the two gafes. It is quite different when the 
two gafes are mixed before they are fet on fire : 
If, for inftance, after having introduced one 
part of oxygen gas into a narrow-mouthed 
bottle, we fill it up with two parts of hydrogen 
gas, and bring a lighted taper, or other burn- 
ing body, to the mouth of the bottle, the com- 
buition of the two gafes takes place inftanta. 
neoufly with a violent explofion. This experi- 
ment ought only to be made in à bottie of very 
frong green glafs, holding not more than a 
pint, and firongly wrapped round with twine, 
otherwife the operator will be expofed to great* 
danger 
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danger from the rupture ofthe bottle, of which w 
the fragments will be thrown about with.great \ 
force. à sut 
If all that has been related above, concern- - 
ing the decompofition of water, be exaétly con- 
formable to truth ;—if, as I have endeavoured 
to prove, that fubftance be really compofed of 
hydrogen, as its proper conflituent element, 
combined with oxygen, it ought to follow, that. 
by reuniting thele two elements together, we 
fhould recompofe water ; and that this aétuai-" 
lÿ happens, may be judged off by the following 
experiment. 


Experiment Fourtb. 


I took a large cryftal balloon, À, PLIV. Fig. 5 
‘holding about 30 pints, having a large opening,} 
to which was cemented the plate of coppetk 
B C, pierced with four holes, in which fou 
tubes terminate. The firft tube, Hih, is in 
© tended to beadapted to an air-pump, by whic 
the balloon may be exhaufted of its air. Th 
fecond tube gg, communicates, by its extremis 
ty MM, with a refervoir of oxygen gas, fro 
which the ballon is to be filed. The thir 
tube d D d’, communicates, by its extremit} 
aNN, with a refervoir of hydrogen gas. The 


extremity d’ of this tube terminates in a ca 
pillart 
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Pillary opening, through which the hydrogen 
gas contained in the refervoir, is lorced, with à 
moderate degree of quicknefs, by the preflure of 
one or two inches of water. The fourth tube 
contains a metallic wire GL, having a knob at 
its extremity L, intended for giving an eleétri: 
cal fpark from L to d’, on purpole to {et fire to 
the hydrogen gas : This wire is moveable in the 
tube, that we may be able to feparate the knob L 
from the extremity d’ of the tube D d’. The 
three tubes d D d’ gg, and Hh, are all provided 
with ftop-cocks. 

That the hydrogen gas and oxygen gas may 
be as much as pofñible deprived of water, they 
are made to pals, in their way to the balloon A, 
through the tubes MM, NN, of about an inch 
diameter, and thefe are filled with falts, which, 
from their deliquefcent nature, greedily attract 
the moifture of the air: Such are «the acetite 
of potafh, and the muriat or nitrat of lime*, 
Thefe falts muft only be reduced to a coarfe 
powder, left they run into lumps, and prevent 
the gafes from getting through their interfti- 
ces. | 

We muft be provided before-hand with a 
fuficient quantity of oxygen gas, carefully pu- 

PVoz:.l. K | rified 


# See the nature ‘of thefe falts in the fecond part of 
this book.— A. 
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rified from all admixture of carbonic. acid, by 
long contact with a folution of: potafh +, 

: We mult likewife have a quantity of bydro- 
gen gas, equal to twice the bulk of the oxygen 
gas; and contained in a feparate refervoir : this 
mult be carefully purified in the fame manner by 
long conta& with a folution of potafh' in water. 
The beft way to obtain this gas free from m1x- 
ture is, by decompoling water with pure foft iron, 
as dire&ed in Exp. 3. of this chapter. 

Having adjufted every thing properly, as a- 
bove directed, the tube Hhis adapted to an air- 
pump, and the balloon A is exhaufted of its air. 
We next admit the oxygen gas, fo as to fill the 
balloon ; and then, by means of preflure, as 1s 
before mentioned, force, a fmall ftream of hy- 
drogen gas, through its tube D d’, to which we 
immediately fet fire by an ele&rical fpark. 
By means of the above-defcribed apparatus, we 
can continue the mutual combuftion of thefe 
two gafes for a long time; as we have the 
power of fupplying them, to the balloon, from 
their refervoirs, in proportion as they are con- 

fumed. 


* By potafh is here meant, pure or cauftic vegetable al- 
kali, deprived of carbonic acid by means of quick-lime. 
In general, we may obferve here, that all the alkalies and 
earths muft invariably be confidered as in their pure or 
cauflic flate, unlefs -otherwife expreffed.—T. The me- 
thod of obtaining this pure alkali of potafh will be given 
in the fequel.—A. 


er 
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fumed. I have in another place * given a mi- 
nute defcription of the apparatus ufed in this ex- 
periment, and have explained the manner of af. 
certaining the quantities of the gafes confumed 
with the moft fcrupulous exactitude, 

In proportion to the advancement of the 
combuftion, there is a depoftion of water upoh 
the inner furface of the balloon or matrafs A : 
The water gradually increafes in quantity, and, 
gathering into large drops, runs down to the 
bottom of the veflel. It is eafy to afcertain 
the quantity of water colleéted, by weighing 


the balloon both before and after the experi- 


ment. Thus we have a twofold verification 
of our ‘experiment, by alcertaining both the 
quantities of the gafes employed, and of the 
water formed by their combuftion : ‘Thefe two 
quantities mult be equal to each other. By 
an operation of this kind, Mr Meéufnier and I 
afcertained that it required 83 parts by weight, 
of oxygen, united to 15: parts of hydrogen, to 
compole one hundred parts of water. This ex. 
periment, which has not hitherto been publifh- 
ed, was made in prefence of à numerous com- 
mittee from the Academy of Sciences, We ex- 
erted, on that occafon, the moft fcrupulous at- 
tention to accuracy ; and have reafon to be- 

K 2 lieve 


be * See the third part of this work.—A. 
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lieve that the above proportions cannot vVarÿ 4 
two hundredth part from abfolute truth. 

From thefe experiments, both analytical and 
fynthetic, we may now affirm, that we have af- 
certained with as much certainty as is poflible 
in phyfical or chemical fubjeéts, that water is 
not a fimple elementary fubftance, but is compo- 
fed of two elements, oxygen and hydrogen ; 
which elements, when exifting feparately, have 
{o ftrong an affinity for caloric, as only to fubfift 
under the form of gas in the eommon LeMmpPEF&- 
ture and preflure of our atmofphere. 

This decompofition and recompofition of wa- 
ter is perpetually operating before our eyes, in 
the temperature of the atmofphere, by means 
of compound eleétive attractions. We fhall pre- 
fently fee that the phenomena attendant upon 
vinous fermentation, putrefaction, and even ve- 
getation, are produced, at leaft in a certain de- 
gree, by the decompofition of water. It is very 
extraordinary that this faét fhould have hitherto 
been overlooked by natural philofophers and 
chemifts: Indeed, it ftrongly proves, that, in 
chemiftry, as in natural philofophy, it is CX- 
tremely difficult to overcome prejudices imbibed 
in early education, and to fearch for truth in 
any other road than the one we have been ac- 
cuftomed to follow. 

L fhall finifh this chapter with an account of 
an experiment, much lefs demonftrative indeed 

than 
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than thofe already related, but which has ap- 
peared to make more impreffion than any other 
upon the minds of many. When 16 ounces of al- 
cohol are burnt in an apparatus # properly adapt- 
ed for collecting all the water difengaged during 
the combuftion, we obtain from 17 to 18 ounces 
of water. As no fubftance can furnifh a pro- 
du larger than its original bulk, it is evident 
that fomething muft have united with the alco- 
hol during its combuftion; and J have already 
fhewn that this muft be oxygen. Thus alco- 
hol contains hydrogen, which is one of the ele- 
ments of water; and the atmofpheric air con- 
tains oxygen, which is the other element necef- 
fary to the compoñition of water +. This expe- 
riment is a new proof that water is a compound 
fubftance, 


Ka. CHAP, 


# See an account of this apparatus in the third part of 
this work.— A. 


+ A large quantity of carbonic acid gas is likewife dif- 
engaged during the combuftion of alcohol: this proceeds 
from the combination of carbon, contained along with hy- 
drogen in the compofñition of the alcohol, with oxygen 
during the combuftion. This latter circumitance 15 ex- 
plained at large in the after parts of this work.—T. 
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Ofthe Quantities of Caloric difengaged during dif- 
Jerent Species of Combuftion. 


T has been already mentioned, that when 
equal quantities of different bodies are burnt 
in the centre of a hollow fphere of ice, and are 
fupplied with air at the temperature of 32°, 
the quantities of ice melted from the infide of 
the fphere, become meafures of the relative 
quantities of caloric difengaged during the fe- 
‘ veral combuftions. Mr de la Place and I have 
given a delcription of the apparatus employed 
for this kind of experiment, in the Memoirs of 
the Academy for 1780, p. 355 ; and a defcrip- 
tion and plate of the fame apparatus will be 
found in the third part of this work. With this 
apparatus, phofphorus, charcoal, and hydrogen 
gas, gavé the following refults. 
One pound of phofporus melted r00 Zibs. * 
of ice. 


One 


* In the original, the quantities refalting from the fe- 
veral experiments mentioned in this Chapter, are given 
in pounds, ounces, gros, and grains; but as the fubjeët is 
curious and interefling, they are here reduced to decimals 
of the pound, by which they become equally ufeful to the 
Britifh as to the French reader.—T, | 
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One pound of charcoal melted 06.5 Ab. 

One pound of hydrogen gas melted 295.5805 
“dibs. 

As a concrete acid is formed by the combuf- 
tion of phofphorus, it is probable that very little 
éaloric remains in the acid ; and, confequently, 
that the above experiment gives us very. nearly 
the whole quantity of caloric contained in the 
oxygen gas. Even if we fuppofe the phofphoric 
‘ acid to contain a good deal of caloric, yet, as 

the phofphorus muft have contained nearly an 
equal quantity before combuftion, the error muft 
be very fmall, as it will only confift of the dif- 
ference between what was contained in the phof- 
phorus before, and in the phofphoric acid after 
combuñtion. 

T'have already fhown, in Chap. V. that one 
pound of phofphorus abforbs one pound eight 
ounces of oxygen during combuftion ; and, fince 
by the fame operation, 100 lbs. of ice are melt- 

. ed, it follows, that the quantity of caloric con- 
_ tained in one pound of oxygen gas is capable of 
melting 66.606667 Libs. of ice. 

One pound of charcoal during combuftion 
melts only 06.5 libs. of ice, while it abforbs 
2.5714 libs. of oxygen. By the experiment 
with phofphorus, this quantity of oxygen gas 
ought to difengage a quantity of caloric fufü- 
cient to melt 171.414 hbs. of ice; confequent- 
ly, during this experiment, a quantity of coloric 

K 4 fufficient 
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fuficient to melt 74.914 lbs. of ice difappears. 

Carbonic acid is not, 1 ke phofphoric acid, in a 
concrete ftate, after combuftion, but in the fiate 
of gas, and requires to be united with caloric to 
enable it to fubfift in that ftate ; and the quan- 
ty of caloric which is mifling in the laft expe- 
riment is evidently employed for that purpole: 
When we divide that quantity by the weight 
of carbonic acid, formed by the combuftion of 
one pound of charcoal, we find that the quan- 
tity of caloric, neceflary for changing one pound 
of carbonic acid from the concrete to the gafeous 
ftate, would be capable of melting 20.909766 lbs. 
Of'IcE: 

We may make a fimilar calculation with the 
combuftion of hydrogen gas and the confequent 
formation of water: During the combuftion of 
one pound of hydrogen gas, 5.6667 lbs. of oxy- 
gen gas are abforbed, and 295.5895 libs. of ice 
are melted. But 5.6667 libs. of oxygen gas, 
in changing from the aëriform to the folid ftate, 
lofe, according to the experiment with phofpho- 
rus, enough of caloric to have melted 377-7534 
bbs.ofice. There is only difengaged, from the 
fame quantity of oxygen, during its combuf- 
tion with hydrogen gas, as much caloric as melts 
293.1523 libs. ; wherefore there remains in the 
water at 32°, which is formed during this ex- 
periment, as much caloric as would melt 82.6211 
libs. of ice. 

Hence, 
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Hence, as 6.6667 libs. of water are formed, 
from the combuftion of one pound of hydrogen 
gas, with 5.6667 ibs. of oxygen; it follows, 
that in each pound of water, at the tempera- 
ture of 32°, there exifts as much caloric as 
would melt 12.2708 Jibs. of ice ; without taking 
into account the quantity originally contained 
in the hydrogen gas, which we have been ob- 
liged to omit, for want of data to calculate its 
quantity *. From this it appears, that water, 
even in the ftate of ice, contains a confider- 

able 


* From the general principles of the new chemical phi- 
lofophy, hydrogen gas ought to tontain a much larger 
quantity of caloric for giving ‘it the gafeous ftate than 
oxygen gas. Being thirteen times as rare, it may be fup- 
pofed to contain thirteen times as much caloric. Hence, 
if all the caloric of the two gafes were dife g gel, during 
their combuftion, and the confequent formation of water, 
1244.4167 lbs. of ice fhould have been melted ; but only 
295-1522 4 are melted ; and therefore, on this fuppoñ- 
tion, the remaining caloric in 6.6667 Zbs. of “ ate: would 
be able to melt 94.92643 /’hs. of ice; or each pound of 
water at the temperature of 32°, fhould contain as much 
caloric as is fufficient to melt 142 Zbs. of ice nearly, which 
is abfurd ; for one pound of water, at 32°, muft contain 
precifely as much caloric as is neceffar y to melt one pound 
pfice. This fhews the fallacy of ali reafonings drawn 
from the fuppofable quantities of caloric in bodies ; and 
that we are hitherto very far from poffefling any accurate 
knowledge of that part of chemiftry in which caloric is 
çoncerned.—T, | 
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able quantity of caloric, and that oxÿgen, in en- 
tering into the combination, retains likewife a 
good proportion. 


From thefe experiments, we may affume the 
following refults as fufficiently eftablifhed. 


Combuftion of Phofphorur. 


“Ffom the combuftion of phofphorus, as related ! 
in the foregoing experiments, it appears, that one # 


pound of phofphorus requires 1.5 lib. of oxygen 
gas for its combuftion; and that 2.5 libs. of 
concrete phofphoric acid are produced. 
The quantity of caloric difengaged by 

the combuftion of one pound of 

phofphorus, exprefled by the num- 

ber of pounds of ice melted during 

that operation, 1s = « 100.00000 
The quantity difengaged from each 

pound of oxygen, during the com- 

buftion of phofphorus, exprefled in 

the fame manner,is - - "66.66667 
The quantity difengaged during the 

formation of one pound of phof- 


phoric acid, 1s - - - 40.000009! 
The quantity remaining in each pound : 


of phofphoric acid, is* . - 0.00000) 
Combuftiom 


# We here fuppofe the phofphoric acid not to contain 
any caloric, which is not ftriétly true ; but, as I have before 
obfervedi 
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Combuflion of Charcoal. 


In the combuftion of one pound of charcoal, 
2.5714 libs. of oxygen gas are abforbed, and 
3.5714 dibs. of carbonic acid gas are formed : 
Hence, the 
Caloric difengaged during the com- 

buftion of one pound of charcoal *, 96.50000 
Caloric difengaged during the com- 

buftion of charcoal, from each 

pound of oxygen gas abforbed, 37-52823 
Caloric difengaged during the forma: 

tion of one pound of carbonic acid 


gas, - - = : = 27:02024 
Caloric retained by each pound of 
oxygen aftér combuftion, - 20.1 3844 


Caloric necefläry for fupporting one 
pound of carbonic acid in the ftate 
of gas, - - - 20.970966 


Combuflion of Hydrogen Gas. 


In the combuftion of one pound of hydrogen 
gas, 5.6667 libs. of oxygen gas are abforbed, 
and 
obferved, the quantity it really contains is probably very 
fmall, and we have not given it a value, for want of fuf. 
ficient data to go upon.—A. 

* All thefe relative quantities of caloric are exprefled 


by the number of pounds of ice, and decimal parts, melt- 
ed during the feveral operations. —T, 
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and 6.6667 lbs. of water are formed: Hence, 


the 
Caloric difengaged from each lib. of 


hydrogen gas *, - - 295.58950 
Caloric difengaged from each Zb. of 
oxygen gas, - - - 52.160280 


Caloric difengaged during the forma- 


vit “pentes 


y PSE observé its |. À, 


tion of each pound of water, -  44:3384Q | 


Caloric retained by each Z%b. of oxy- 
gen after combuftion with hydro- 


gen, - É - - ‘14.50386 
Caloric retained by each %b. of wa- 
ter, at the temperature of 32°, 12.32823 


Of tbe Formation of Nitric Acid. 


When nitrous gas is combined with oxygen 
gas, fo as to form nitric or nitrous acid, a de- 
gree of heat is produced, which is much lefs 
confiderable than what is evolved during the 
other combinations of oxygen; whence it fol- 
Zlows, that oxygen, when it becomes fixed in 
nitric acid, retains a great part of the heat 


which. 


# We are no where told upon what data Mr Lavoifer ” 


proceeds for afcertaining th. quantity ot caloric difengaged 


during the combuftion ot each pound of hydrogen gas. In : 
a former note 1 have fuppofed that it might be thirteen : 


times as much as that of water; hence it would be 628.1164 
inftead of the above number.—T. 
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which it pofleffed in the flate of gas. It is cer- 
tainly pofible to determine the quantity of calo- 
ric which is difengaged during the combination 
of thefe two gales, and confequently to deter- 
mine what quantity remains after the combina- 
tion takes place. The firft of thefe quantities 
might be afcertained, by making the combination 
of the two gafes in an apparatus furrounded by 
ice; but, as the quantity of caloric difengaged 
is very inconfiderable, it would be neceffary to 
operäte upon a large quantity of the two gafes, 
and in a very troublefome and compliéated ap- 
paratus. By this confideration, Mr de la Place 
and I have hitherto been préventéd from ma- 
King the attempt. In the mean time, the place 
of iuch an experiment may be fupplied by cal- 
€ulations, the refults of which cannot be very 
far from truth. | 

, Mr de la Place and I deflagrated à convenient 
quantity of nitre and charcoal in an ice appara- 
tus, and found that twelve pounds of ice were 
melted by the deflagration of one pound of nitre. 
We fhall fee, in the fequel, that one pound of 
nitre is compofed, as under, of 


Potafh 703. 6 gros 51.84 grs.—=4515.84 grs. 
Dry acid 8 I 21.16 =4700.16 


The above quantity of dry acid is compofed 
of 
Oxygen 
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Oxygen 60%. 3gros 66.34 gr5.=3738.34 grs M 
ot : I 5 25-82 = 961.82 


By this we find, that, during the above defla-4 
gration,, 145+ 475. of carbon * have: fuffered 
combuftion, along with 3738.34 grs. or 6 0x4 
3 gros 66.34grs5.0f oxygen. Hence, fince 12/1054 
of ice were melted during the combuftion, it fol 
lows, that one: pound of oxygen: burnt in the 
fame manner would have melted,29.5832 /bs 
of ice. “To which.if we add the quantity o 
caloric retained by à pound of oxygen, afterh 
combinipg with carbon to form carbonic acid 
gas, which was already afcertained to be capables 
of melting 20.13844 dibs. of ice, we fhall haves 
for the total quantity of caloric remaining in 2 
pound of oxygen, when combined with nitrouss 
gas in the nitric acid, 58.721643. which 1s the! 
number of pounds of ice the caloric remaining in" 
the oxygen in that ftate is capable of melting. 

… We have before feen, that, in the ftate of oxy- 
gen gas, it contained at leaft 66.66667 ; wherc= 
fote it follows, that, in combining with azot toy 
form nitric acid, it only loles 7.904502. Farthex 

experimentss 


% From this it appears, that the proportions uled by# 
Mr Lavoifier were 1 4. 9216 grs. of nitre to 2 grash 
TE grs. OT 145:34 grs. Of charcoal, though he has noë 
chofen to mention it in direét terms.—T. 
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experiments upon this fubject are neceflary to 
afcertain how far the refults of this calculation 
may agree with direét fadt.. This enormous 
quantity of caloric, retained by oxygen in its 
combination into nitric acid, explains the caufe 
of the great difengagment of caloric during the 
deflagrations of nitre ; or, more ftrié&tly fpeak- 
ing, upon all occafions of the decompoftion of 
nitric acid. AT 


Of the Combuflion of Wax. 


"Having examined feveral cafes of fimple com- 
Buftion, I mean now to give a few examples of 
a more complex nature. One pound of wax-ta- 
per being allowed to burn flowly in an ice ap- 
paratus, melted 133.1667 libs. of ice. Aacord- 
ing to my experiments, as given in the Memoirs 
of the Academy for 1784, p. 6c6, one pound of 
Wax-taper confifts of o.8228 /ibr. of carbon, and 
©. Hi77 hbs. of hydrogen. 


By the foregoing experi- 
ments, the above quantity 
of carbon ought to melt, 79.393090 br. ofice; 
And the hydrogen 
fhould melt - 52.376005 
In all 131.6095 br. 
Thus 
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Thus we fee, that the quantity of calorié 
difengaged from à burning taper, is nearly con- 
formable to what was obtained by burning fe- 
parately a quantity of carbon and hydrogen 
equal to what enters into its compofition. Thefe 
experiments with the taper were feveral times 
repeated, fo that I have reafon to believe them 
acCcurate. | 


Combuftion of Olive-Oil. 


We included à burning lamp, containing à 
determinate quantity of olive-oil, in the ordi- 
nary apparatus ; and, when the experiment 
was finifhed, we afcertained exactly the quan- 
tities of oil confumed, and of ice melted ; the 
refult was, that, during the combuftion of one 
pound-of olive-oil, 148.8828 Zbs. of ice were 
melted. By my experiments in the Memoirs 
of the Academy for 1784, and of which the fol- 
lowing chapter contains an abftra@, it appears, 
that one pound of olive-oil confifts of 0.783896 
bibs. of carbon, and o.2104 libs. of hydrogen. 
By the foregoing experiments, that quantity 
of carbon fhould melt 76.18723 dbs. of ice, : 
and the quantity of hydrogen in a pound of 
the oil fhould melt 62.15053 Zbs. The fum of 
thefe two gives 138.33776 dibs. of ice, which 
the two conftituent elements of the oil would 
have melted, had they feparately fuffered com- 

buftion, 
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baftion.; whereas the. oil had; iseally 0°H6éh 
inithe refult.of the smtor Aie: hr al. 
culated relult,; from: data ae: br FAR 
experiments. ao sd ve 

“Fhis différence, ;, 2e Âs - De no ;MmeADs very 
confiderable,; may arjfe..fiom errors: which. are 
unavoidable in experiments of this nature, Of! 
it may be owing to the:compoftion-of-oil. not 
being as yet exactly afcertained : It proves, how- 
ever, that there is a great agreement between 
the refults of our experiments, refpe@ting the. 
combination of caloric, and thofe which regard 
its difengagement. ; 

The following defiderata ftill remain to be 
determined ; viz. What quantity of caloric is 
retained by oxygen, after combining with me- 
tals to convert them into oxyds; What quanti- 
ty: is contained by hydrogen, in its different 
ftates of exiftence ; and, To afcertain with more 
precifion than is hitherto attained, how much 
cäloric is difengaged during the formation of 
water, as there fill remain confiderable doubts 
with refpeét to our prefent determination of this 
point, which can only be removed by farther 
experiments. We are at prefent occupied with 
this inquiry ; and, when thefe feveral points 
are well afcertained, which we hope they will 
foon be, we fhall probably be under the necef- 
fty of making confiderable corrections upon 

Vo. I. L moft 
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moft of the réfults of the experiments and cal- 
culations in this chapter. I did not, however, 
cohfider this as a fufficient reafon for withhold- 
ing fo much as is already known, from fuch as 
may be inclined to labour upon the fame füubject. 
It is difficult in our endeavours to difcover the 
principles of a new fcience, to avoid beginning 
by conje@ure ; and it is rarely poffible to attain 
perfection at the firft fetting out. 
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Of the Combinations of Combuflible Subtances 
with each other. 


S combuftible fubftances in general have 
A great affinity for oxygen, they ought 
likewife to attract, or tend to combine with, 
each other ; Quæ funt eadem uni tertio, funt ea- 
dem inter fe ; and the axiom is found to be 
true. Almoft all the metals, for inftance, are 
capable of uniting with each other, and of 
forming what are called aZloys*# in common 
language. Moft of thefe, like other chemical 
combinations, are fufceptible of feveral degrees 
of faturation. The greater number of alloys 
are more brittle than the pure metals of which 
they are compoled, efpecially when the metals 
alloyed together are confiderably different in 

La their 
- « This term alloy, which we have from the language 
of the arts, ferves exceedingly well for diftinguifhing 
all the combinations or intimate unions of metals with 


each other, and is adopted in our new nomenclature for 
that purpofe.— A, 
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their degrees of fuñbility. To this difference 
in fufbility, part of the phenomena attendant 
upon alloyage are owing; particularly that : 
property of iron called by workmen botfhort. 

This kind of iron muft be confidered as an al- 

loy or mixture of pure iron, which is almoft in- 

fufible, with a fmall portion of fome other me- 

tal, which fufes in a much lower degree of heat : 

So long as this alloy remains cold, and both me- 

tals are in a folid ftate, the mixture is mal- 

leable ; but when heated to a fufficient degree 

to liquify the more fufible metal, the particles 

of this liquid metal, which are interpofed be- 

tween the particles of the folid iron, muft de- 

ftroy their continuity, and occafion the alloy to. 
become brittle. The alloys of mercury, with the 

other metals, have ufually been called amakgams, 

and we fee no inconvenience from continuing 

the ufe of that term. 

Sulphur, phofphorus, and carbon, readily 
unite with metals, Combinations of fulphur 
with metals are ufually named pyrites. Their 
combinations with phofphorus and carbon are 
either not yet named, or have received new 
names only of late, wherefore we have not 
fcrupled to change them according to our 
principles. , The combinations of metal and, 
fulphur we call /w/phurets, thofe with phofpho 
rus phofpburets, and thofe formed with carbon! 

? carburetss 
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carburets *.  Thefe dénominations are extend- 
ed to all the combinations into which the above 
three fubftances enter, without being previouf- 
ly'oxygenated. ‘Thus, the combination of ful- 
phur with potafh, or fixed vegetable alkali, is 
called flphuret of potafh ; that which it forms 
With ammoniac, or volatile alkali, is termed Jul 
Phuret of ammoniac. 

Hydrogen is likewife capable of combining 
with many combuftible fubftances : In the ftate 
of gas, it diflolves carbon, fulphur, phofphorus, 
and feveral metals : we diftinguifh thefe combi- 
nations by the terms carbonated bydrogen gas, 
fulpburated hydrogen gas, and phofphoratea by- 
drogen gas. The fulphurated hydrogen gas was 
called Depatic air ‘by former chemifts; or Jfœtid 
&ir from fulpbur, by Mr Scheele : The virtues 
of feveral mineral waters, and the fœtid fmell 
of animal excrements, chiefly arife from the pre- 
fence of this gas. The phofphorated hydrogen 
gas is remarkable for the property, difcovered 

F L 3 by 





* In the French nomenclature, thefe compounds are 
named fu/pbures, phofpbures, and carbures ; but, though 
hele terms may be fufhiciently diftinguifhable from fozffre, 
bbo/phore, and carbonc, they are not, efpecially the two 
Gift, diftiné& enough in Englifh : I have therefore cho- 
en to borrow the new Englifiterms in the text, from 
he Latin edition of the new-nomenclature, where they 
re called refpetively Julpburettum, phofphorettum, and 
carburettum.=T. 
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by Mr Gengembre, of taking fire fpontaneouf- 
ly upon getting into contaét with atmofpheric 
air, or, what anfwers better, with oxygen gas: 
This gas has a ftrong flavour, refembling that 
of putrid fifh ; and it is very probable that the 
phofphorefcent quality of fifh, in the ftate of 
putrefaction, arifes from the efcape of this fpe- 
cies of gas When hydrogen and carbon are 
combined together, without the intervention 
of caloric to bring the hydrogen into the ftate 
of gas, they form oil, which is either fixed or 
volatile, according to the proportions of hy- 
drogen and carbon in its compoñition*. The 
chief difference between fixed or fat oils drawn 
from vegetables by expreflion, and volatile or 
effential oils, is, that the former contains an ex- 
cefs of carbon, which is feparated when the oils 
are heated above the degree of boiling water ; 
whereas the volatile oils, containing a juft pro-. 
portion of thefe two conftituent ingredients, are! 
not liable to be decompofed by that heat, but,, 
uniting with caloric into the gafeous ftate, pas; 
over in diftillation unchanged. 

Im 


* We fhall afterwards fee, that oil contains oxygenss 
combined with the above-mentioned ingredients, and that 
it is a hydro-carbonous or carbono-hydrous oxyd ; hene 
the difference between the various kinds may in part b 
owing to their different degrees of oxydation, as well 
to the proportions of the other ingredients.—T, 
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În the Memoirs of the Academy, for 1784, 
p- 593. I gave an account of my experiments 
upon the compofition of oil and alcohol, by the 
union of hydrogen with carbon, and of their 
combination with oxygen. By thefe experi- 
ments, it appears that fixed oils combine with 
oxygen during combuftion, and are, thereby 
converted into water and carbonic acid. By 
means of calculation, applied to the products 
of thefe experiments, we find that fixed oil 
is compofed of 21 parts, by weight, of hydro- 
gen_combined with 79 parts of carbon. Per- 
haps the folid fubftances of an oily nature, fuch 
as wax, contain a proportion of oxygen, to 
which they owe their ftate of folidity. I am 
‘at prefent engaged in a feries of experiments, 
which I hope will throw great light on this fub- 
Er | 
It js worthy of being examined, whether hy- 
drogen in its concrete ftate, uncombined with 
caloric, be fufceptible of combination with ful- 
‘phur, phofphorus, and the metals. There is 
nothing that we know of, which, à priori, 
fhould render thefe combinations impoffible ; 
for combuftible bodies being in general {uf- 
ceptible of combination with each other, there 
is no evident reafon for hydrogen being an ex- 
ception to the rule: However, no direct ex- 
periment as yet eflablifhes either the: poflibi- 
lity or impofñlibility of this union. : Iron and 

FS L'4 L 2 26 UE Cie 
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Zinc are thé moft likely, of all the metals, for 
entérinig: into combinätion with hydrogen ; but, 
as Ithefe have ‘the property of decompofing wa- 
tel, and as it is very difficult to get entirely 
free from moiïfture in chemical experiments, 
Ît' is hardly poffible to determine whether the 
fmall portions of hydrogen gas, obtained in cer- 
tain experiments with thefé metals, were pre- 
viouflÿ combined with thé metal in the ftate 
of folid bydrogen, or if they were produced 
by-the decompoftion of a minute quantity 
of water. l'Thé more care wé take to prevent 
the prefence 6f Water in thefe experiments, 
the lefs i$ the quantity of hydrogen gas pro- 
cured ; and when very accurate precautions are 
employed, even that Sas: becomes ra 
fénfible. | 
* However this inquiry may turn out re 
ing the power of combuftible bodies, as ful- 
phur, phofphorus, and metals, to abforb hy- 
drogen, we are certain that they only abforb à 
very fmall portion; and that this combination, 
inftead of being eflential to their conftitution, 
can only be confidered as a foreign fubftance, 
which contaminates théir purity. It is the 
province of the al vOCaENr for this fyftem to 
; prove 


*| By thefe are meant thofe fupporters of the kex.c2 712 
theory, who confider liydrogen, or the bafe of inflam- 
mable air, as the phlogifton of the celebrated Stahl.—T. 
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prove by decifive experiments, the real exift- 
ence of this combined hydrogen, which they 


have hitherto only done-by-conjeétures founded 
upon fuppoñitions. 
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Obfervations upor Oxyds and Acids with com 
pound Bafes,—and on the Compofition of Vege- 
table and Animal Subflances. 


\ 


E have, in Chap. V. and VIIL examined 

the produéts refulting from the combuf- 

tion of the four fimple combuftible fubftances, 
fulphur, phofphorus, carbon, and hydrogen : 
We have fhewn, in Chap. X. that the fimple 
combuftible fubftances are çapable of combining 
with each other into compound combuftible fub- 
flances, and have obferved that oils in general, 
and particularly the fixed vegetable oils, belong 
to this clafs, being compofed of hydrogen and 
carbon. It remains, in this chapter, to treat of 
the oxygenation of thefe compound combuftible 
fubftances, and to fhow that there exift acids and 
oxyds having double and triple bafes. Nature 
furnifhes us with numerous examples ofthis kind 
of combinations, by means of which, chiefly, fhe 
1s 
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is enabled to produce a vaft variety of compounds, 
from a very limited number of elements, or fim- 
ple fubftances. 

It was long ago well known, that, when mu- 
riatic and nitric acids were mixed together, a 
compound acid was formed, having properties 
quite diftinct from thofe of either of the acids 
taken feparately. This acid was called aqua 
regia, from its moft celebrated property of dif- 
folving gold, called king of metals by the alchy- 
miits. Mr Berthollet has diftinétly proved, that 
the peculiar properties of this acid arife from the 
combined action of its two acidifiable bafes, and, 
for this reafon, we have judged it neceffary to 
diftinguifh it by an appropriate name: that of 
nitro-muriatic acid appears extremely applicable, 
from its exprefling the nature. of the two fub- 
ftances which enter into its compoñition. 

This phenomenon, of a double bafe in one 
acid, which had formerly been obferved only in 
the nitro-muriatic acid, occurs continually in 
the vegetable kingdom ; in which a fimple acid, 
or one pofñleffled of a fingle acidifiable bafe, is 
very rarely found. Almoft all the acids pro- 
curable from this kingdom have bafes com- 
pofed of carbon and hydrogen, or of carbon, 
hydrogen, and phofphorus, combined with more 
or lefs oxygen. All thefe bafes, whether double . 
or triple, are likewife found in the ftate of oxyds, 

having 
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having lefs oxygen than is neceflary to give 
thém the properties of acids. The acids and 
oxyds from the animal kingdom are ftill more 
compound, as their bafes generally confift of a 
combination of carbon, phofphorus, T'AS: 
and azot. 

As it is but of late that I have acquired any 
élear and diftinét notions of thefe fubftances, 1 
fhall not in this place enlarge much upon the 
fubjeét, which I mean to treat of very fully în 
fome memoirs I am preparing to lay before the 
Academy. Moft of my experiments are already 
performed ; but, to be able to give exact re- 
ports of the refulting quantities, it is’ neceffary 
that they be carefully repeateä, änd increafed in 
number: Wherefore, 1 fhall only give a fhort 
enumeration of the vegetable and animal acids 
and oxyds, and terminate this article by a few 
refleétions upon the compoñition of vegetable “ès 
animal bodies. 

Sugar, mucus, under which term we include 
the different kinds of gums, and ftarch, are ve- 
getable oxyds, having hydrogen and carbon com- 
bined, in different proportions, as their radicals 
or bafes, and united with oxygen, fo as to bring 
them to the ftate of oxyds. From this ftate of 
oxyds, they are capable of being changed into 
acids, by the addition of a frefh quantity of oxy- 


gen; and, according to the degrees of oxygena- 
tion, 
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tion, and, the proportion of hydrogen and car- 
bon in their bafes, they form the feveral kinds af 
vegetable acids. 

. It-would be eafy to apply the. péinciples of. 
our nomenclature to give names to thefe vege- 
table acids and oxyds, by ufing the names of 
the two fubftances which compofe their bafes : 
They would thus become hydro-carbonous a+ 
cids and oxyds. In this way, we might in: 
dicate which of their elements exifted in ex- 
_cefs, without circumlocution, after the man- 
ner ufed by Mr Rouelle, for naming the ve- 
getable extraëts : He calls thefe extraéto-re- 
finous, when the extractive matter prevails in 
their compofition, and refino-extraétive, when 
they contain a larger proportion of refinous 
matter. Following that plan, and by vary- 
‘ ing the terminations according to the former- 
ly eftablifhed rules of our nomenclature, we 
have the following denominations : Hydro: 
carbonous, hydro-carbonic, carbono-hydvous, 
‘ and carbono-hydric, oxyds.': And, for the a- 
cids: Hydro-carbonous, hydro-carbonic, oxy- 
genated hydro -carbonic ; carbono- hydrous, 
carbono-hydriec, and oxygenated Carbono-hy- 
dric. 

It is probable, that the above terms would 
{uffice for indicating all the varieties in nature, 
and that, in proportion as the vegetable acids 

becomes 
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become well underftood, they will naturallÿ 
arrange themfelves under thefe denominations. 
But, though we know the elements of which 
thefe are compofed, we are as yet ignorant of 
the proportions of thefe ingredients, and are ftill 
far from being able to clafs them in the above 
methodical manner; wherefore, we have de- 
termined to retain the old names provifionally. 
I am fomewhat farther advanced in this inqui- 

ry than at the time of publifhing our conjunct 
effay upon chemical nomenclature ; yet it would 
be improper to draw decided confequences from 
experiments not yet fufliciently precife : Though 
I acknowledge that this part of chemiftry ftill 
remains in fome degree obfcure, I muft exprefs 
- my expectations of its being very foon elucida- 
ted. 

I am ftill more forcibly neceflitated to follow 
the fame plan in naming the acids, which have 
three or four elements combined in their bafes ; 
of thefe we have a confiderable number from 
the animal kingdom, and fome even from ve- 
getable fubftances. Azot, for inftance, joined 
to hydrogen and carbon, form the bafe or radi- 
cal of the Pruflic acid : we have reafon to be- 
lieve that the fame happens with the bafe of 
Gallic acid; and almoft all the animal acids 
have their bafes compofed of azot, phofphorus, 
hydrogen, and carbon. Were we to endeavour 

to 
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to exprefs at once all thefe four component 
parts of the bafes, our nomenclature would un- 
doubtedly be methodical ; it would have the 
property of being clear and determinate : but 
this aflemblage of Greek and Latin fubftantives 
and adjectives, which are not yet univerfally 
admitted by chemifts, would have the appear- 
ance of a barbarous language, difficult both to 
pronounce and to be remembered.  Befides, 
this part of.chemifiry being fill far from that 
accuracy it muft foon attain, the perfection of 
the fcience ought certainly to precede that of 
its language ; and we muft ftill, for fome time, 
retain the old names for the animal oxyds and 
acids. We have only ventured to make a 
few flight modifications of thefe names, by 
changing the termination into ous, when we 
have reafon to fuppofe the bafe to be in excefs, 
and into ic, when we fufpect that oxygen pre- 
dominates. 


The following are all the vegetable acids hi- 
therto known : 


1. Acetous acid. 5. Pyro-tartarous a- 


1 2. Acetic acid. cid. 
3. Oxalic acid. : 6. Citric acid. 
4 Tartarous acid. 7. Malic acid. 


8, Pyro- 
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:8. Pyro-mucous a- 10. Gallic acid:+, 

9 -beids umo: am Bénzoic acids: 
9. Pyro-lignous a- 12. Camphoric acid: 
M. : cidéss11939b bus a Succinic acid #. 


Though al  thefe ide as has te iélrebèy 
faid, are chiefly, and almoft entirely compofed 
of hydrogen, carbon, and oxygen, yet: proper- 
* ly fpeaking, they contain neither water, carbo- 
nic acid, nor oil, but only the elements necef- 
fary for forming thefe fubftances. The power 
of affinity reciprocally exerted by the hydrogen, 
carbon, and oxygen, in thefe acids, is in a ftate 
of equilibrium, that is, only capable of exifting 
in the ordinary temperature of the atmofphere : 
For, when they are heated but a very little a- 
bove the temperature of boiling water, this equi- 
librium is deftroyed ; part of the oxygen and hy- 
drogen unite, and form water ; part of the car- 
bon and hydrogen combine into oil; part of the 
carbon and oxygen unite to form carbonic acid ; 
and, laftly, there generally remains a fmall por- 
tion of carbon, which, being in excefs with re- 
_fpet to the other ingredients, is left fees IL 
mean 


# To thefe is‘lately added the Suberic acid; an ac- 
count of which is inferted in this edition, Part IL Set. 
xlvi.. See Contents.—T. 
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mean to explain this fubje@ fomewhat further 
in the fucceeding Chapter. 

The oxyds of the animal kingdom are hi- 
therto lefs known than thofe from the vege- 
table kingdom, and their number as yet is not 
at all determined. The red part of the blood, 
lymph, and moft of the fecretions, are true 
oxyds, under which point of view it is very 
important to confider them. We are only ac- 
quainted with fix animal acids, feveral of which, 
it is probable, approach very near each other 
in their nature, or, at leaft, differ only in a 
fcarcely fenfible degree. 1 do not include 
the phofphoric acid amongft thefe, becaufe it 
is found in all the kingdoms of nature. They 
are, | 


1. Lacie acid, 4. Formic acid. 
2. Saccho-laétic acid. 5. Sebacic acid. 
3. Bombic acid. 6. Pruffic acid *, 


The connection between the conftituent ele- 
ments of the animal oxyds and acids is not 
more permanent than in thofe from the vege- 
table kingdom, as a fmall increafe of tempera- 
- Vor. I. M ture 


* Tothefe muft now be added the Zoonic acid ; an 
account of which is added to this Edition, Part 14 


Scét. XLVI.—T. 
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ture is fufficient to overturn the equilibrium. 
I hope to render this fubjeét more diftiné in 
the following Chapter than has been done hi1- 
therto.. | 


ADDITIONAL 
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ÂADDITIONAL SECTION BY THE TRANSLATORe 


Of the Proximate Elements of Vegetable and Ani- 
mal Sub/lances *, 


N addition to the foregoing fhort, yet clear, ac- 
count of the ultimate chemical compofition of 
vegetable and animal fubftances, the tranflator 
prefumes it may be ufeful to give an abftrat of 
what are termed the proximate elements of thofe 
bodies. Thefe are fuch produ&ts of animal and 
vegetable fubftances, as are formed by the com- 
binations of their ultimate or fimple elements, 
and the mixture or combination of thefe com- 
pounds with oxygen; and moft, if not all of 
them, are carbono-hydric or hydro-carbonic 
radicals, with more or lefs oxygen combined ; 
fome of them having an addition of azot, or 
other fimple element, in the compoñition of the 
radical. Thele proximate elements arrange 
themfelves, according to the prefent ftate of 
our knowledge, into a limited number of what 
may be called gezera, each of which have their 
diftinguifhing chemical and fenfible properties ; 
nd according as each, particularly from the ve- 
M z getable 













* The whole of this Section is added by the Tranila. 
xt to this fifth edition.—T, 
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-getable kingdom, is more or lefs mixed with 
other proximate elements, the genus is farther 
divifible into fpecies, which may be denomina- 
ted from the particular vegetable or animal 
from which it is procured. Thus, fugar is a 
proximate element of many vegetables, and fo 
far is a genus in which honey is likewife inclu- 
ded : But, as procurable from fugar-cane, maple, 
and many other vegetables, it poffefles very dif- 
ferent taftes and flavours, probably owing to the 
mixture or combination of other proximate ele- 
ments, which communicate fpecific differences. 
This curious branch of chemiftry is only in its 
infancy 3 but promifes very interefting, and 
probably important refults. 

Thefe proximate elements are procured by 
expreffion ; by infufion in water, alcohol, or 
other menftrua, hot or coid ; by diftillation with 
water or alcohol; by nel putrefac- . 
tion, deftrudtive diftillation, oxygenation by 
means of decompofible acids, combuftion, and 
other methods of analyfis: And, by fome of 
thofe analytical methods, they are farther refol- 
vable into the ultimate or fimple chemical ele- 
ments. 


$ 1. Proximate Elements of Vegetables. 


x. Mucilage or Gum exudes naturally from 
manÿ vegetables in a very pure fate, and 1s 
procurable 
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procurable from others by watery infufion. 

When pure, it is folid, brittle, and fomewhat 

tranfparent ; per fetly inodorous, and almoft to- 

tally infipid. It is foluble in water, forming a 

vifcid or glutinous liquid : Infoluble in oil or 
alcohol. When triturated with oil or refin, it 

renders them perfectly diffufible in water. Its. 
folution does not undergo vinous fermentation ; 

but, efpecially when dilute, with accefs of air, 

it oxygenates, and 1s converted into pyromucous 

acid. Treated with nitric acid, it becomes ftrong- 

ly oxygenated, and oxalic acid is formed ; with 

oxymuriatic acid, nitric acid is produced. By 

deftruétive diftillation, pyromucous acid, carbo- 

nic acid, hydro-carbonic gas, and ammoniac, 

come over; and the refiduum confifts of char- 

coal containing lime. Its ultimate elements, 

therefore, are hydrogen, carbon, azot, lime and 

oxygen. 

2. Starch or Fecula is a principal product 
from farinaceous grains "and roots, from which 
it is procured by trituration and maceration m 
a large quantity of cold water ; being thus fe- 
parated from the other materials, in a light pul- 
verulent form, by decantation and fubfidence, 
and is, laftly, driéd for ufe. At firit, it is fre- 
quently grey, and often flocculent; but, by al- 
lowing the liquid in which it fwims to become 
four, the matters which contaminate its purity 
arc oxygenated and diflolved. When pure, it 
EH : M 3 is 
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is a light, white, foft powder ; inodorous and 
taftelefs ; diffufible, but infolubles in cold water : 
in hot water, it diflolves into a gelatinous li- 
quid, which coagulates when cold. If this jel- 
.1ÿ is dried, it becomes hard, tenacious, horny, 
and fomewhat tranfparent, and may be again 
foftened by cold, or diflolved by hot water. 

Starch is not foluble in alcohol. By fermen: 
tation, efpecially after malting, it is convertible! 
into faccharine matter and vinous liquor, from 
which alcohol is procurable by diftillation. By 
farther fermentation, it becomes four, forming 
aleager or common vinegar. With nitric acid, 
oxalic and malic acids are formed. In clofe 
veffels, a large quantity of acid.liquor diftils 
over, with carbonic acid and hydro-carbonic 
gas, leaving a refiduum of charcoal: Its ulti- 
mate elements are carbon, hydrogen, and oxy- 
gen. 

3. Sugar ox Saccharine Matter is often mixed 
in vegetables with the former, and which mey 
be converted into it by the malting procefs. It 
exifts likewife naturally, and in great abun- 
dance, in the peculiar juices of many vegé- 
tables; the fugar-cane efpecially, beet, car- 
rot, parfnip, fugar maple, and many others, 
containing a confiderable quantity of faccha- 
rine juice, To procure fugar in a pure ftate, 
the faccharine Juice is mixed with lime, to 
neutralize the oxalic acid with which it ufually 

abounds, 
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abounds, arid which would prevent its concre- 
tion. It is then évaporated, and the fugar runs 
into fmall irregular cryftals. It is afterwards 
purified, by boiling with lime-water, and blood, 
or whites of eggs , is laded into conical moulds 
of baked clay, and dried in a ftove. 

Pure fugar is white and perfectly fweet, with- 
eut any odour or peculiar flavour. It is foluble 
in water or alcohol, from which it cryftallizes 
by evaporation. Its folution in water pailes 
readily ‘into the vinous fermentation, from 
which alcohol may be diftilled ; and by farther 
oxygenation, it changes to acid. Oxygenated 
by means of nitric acid, it is converted into oxa- 
lic acid. By deftru@tive diftillation, it gives 
over a large quantity of acid liquor, with em 
pyreumatic oïl, carbonic acid, and hydro- 
carbonic gas, leaving a refiduum of charcoal. 
Its ultimate elements are therefore the fame 
with thofe of ftarch, carbon, hydrogen, and 
exygen ; from which, perhaps, it diflers in con- 
taining more oxygen. 

Honey is fimilar to fugar, and probably con- 
fifts of the fame ultimate elements. It is origi- 
pally formed in vegetables ; but feems to under- 
go fome preparation or change in the honey- 
bags of the bees. 

4. Vegetable gluten is chiefly procurable from 
flour of wheat, wafhed in water. The foluble 
Matter diflolves, the fecula is diffufed, and the 

M 4 gluten 
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gluten remains in a fibrous, elaftic, vifcid mafs. 
It is infipid, inodorous, of a greyifh colour, in- 
foluble in water, and flightly foluble in alcohol. 
It diflolves in acids, and in alkaline folutions ; 
being precipitated from acid folutions by the al- 
kalies, and from alkaline folutions by the acids.’ 
On expofure to a moift atmofphere, it putrefies 
like animal fubftances. With nittic acid, it is 
changed to oxalic acid, a large quantity of azo- 
tic gas being difengaged. In clofe veflels, it af- 
fords a large quantity of ammonia, with car- 
bonic acid and empyreumatic oil. Hence, its 
ultimate elements are carbon, hydrogen, azot, 
and oxygen. 

5. Vegetable DT re is combined or mixed 
with gluten in flour of wheat or other grain. Ir 
diflolves in cold water, from which it feparates 
by heat, or the addition of alcohol, in light 
flakes. It is foluble in the alkalies, is liable to 
putrefaétion, and gives over ammonia in deftruc- 
tive diftillation. Hence, its ultimate elements 
are fimilar to thofe of gluten, from which it dif- 
fers in being foluble in cold water. 

Gluten and albumen feem to form the chief 
ingredients of yeaft or barm ; and from them it 
probably arifes, that wheaten bread undergoes 
the vinous fermentation, by which it is raifed, 
or rendered light and porous, and does not fo rea- 
dily become four as the bread from other grain. 

6. Fixed 
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6. Fixed oilis moftly procured from the fruits 
or feeds of vegetables, by expreflion, or by de- 
coétion with water. When pure, it is inodo- 
rous, and almoit perfeétly infipid ; but is often 
mixed with the mucilaginous or extraétive mat- 
ter of the vegetable from which it is extracted ; 
from which it acquires tafte and odour, and by 
which the oils of particular vegetables are di- 
finguifhed from eachhother. Cold-drawn oil 
is more pure than when expreffed with the 
aid of heat, or extra@ted by deco@ion. Fixed 
oils are thick and unétuous, lighter than water, 
congeal by expofure to cold, and fome are even 
concrete in the ufual temperature. Fixed oil is 
infoluble in water or alcohol. Expofed to warm 
air, it abforbs oxygen, becomes thick and co- 
loured, acquires a difagreeable odour, and a 
fharp unpleafant tafte, changing to what is call- 
ed rancefcence. It boils at 600° of Fahrenheit, 
is changed into vapour which is readily infla- 
med, and is thereby converted into water and 
carbonic acid. Without materially raifing its 
temperature, it burns imperfeétly in a common 
lamp, giving out a confiderable quantity of 
fmoke, which confifts of carbonaceous matter 
and empyreumatic oil. With a very flender 
wick, or a cylindrical one properly managed, it 
is almoft totally converted into water and car. 
bonic acid, as in the combuftion of its vapour. 
By diftillation in clofe veffels, it dofes its mild.- 

nefs 
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nefs and unétuofity, becomes more limpid and 
volatile, and a portion of carbonaceous matter 
is left in the retort. Tranfmitted through an 
ignited tube, it is converted into carbonic acid, 
and hydro-carbonic gas. Sulphuric acid renders 
it black ; part of the oxygen from the acid com- 
bines with the hydrogen of the oil, carbonace- 
ous matter is depofñited, and a thickifh liquid, 
having a hepatic fmell;s is formed, which has 
not hitherto been analyzed, but which may pro- 
bably contain fulphur, or its oxyd, combined 
with a part of the oil, in a ftate fimilar to petro- 
leum. Nitric acid thickens expreffed oil ; and, 
when empyreumatic or rancid, from expreflion 
by heat or otherwife, readily fets it on fire. 
Oxymuriatic acid thickens it, and in fome in- 
ftances renders it concrete. All thefe changes 
deferve minute inveftigation. 

Soap is formed by the union of fixed oil with 
the fixed alkalies, potafh or foda, in a cauftic 
or pure ftate, and forms a faponaceous com- 
pound with ammonia. Soap is foluble in water 
and alcohol, and is decompoñfed by all the acids, 
and by moft falts having earthy or metallic ba- 
fes. When decompofed by heat, or deftruétive 
diftillation, foap produces water, empyreumatie 
oil, and ammonia *. The oil which feparates 

from 


# The Tranflator only pretends to give thefe faëts 
from chemical writers, This decompofñition of foap is 
certainly 
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from foap, when decompofed by the acids or 
neutral falts, is fo far changed as to be foluble 
in alcohol. When foap is decompofed by ear- 
thy or metallic falts, which takes place by 
double affinity, the acid unites with the alkeli 
of the foap, and the oil combines with the ear- 
thy bafis, or the metallic oxyd of the neutral 
falt. 7? 

Expreffed oil unites, by boïling, with fulphur 
into a compound which has an exceflively offen- 
five odour, and a very difagreeable acrid tafte, 
ufually called balfam of fulpbur. It likewile 
combines with phofphorus, and unites with 
gum, refin, and feveral other vegetable produéts. 
With mucilage it forms a milky compound, 
called in pharmacy emulfion, and with fugar 
what is called c/eo-faccharum. The ultimate ele. 
ments of expreffed oil, fo far as is yet known, 
are carbon, hydrogen, and oxygen. 

7. Volatile or Effential Oil is procurable from 
.a variety of parts of many vegetables, ufually 


by 


certainly not fufficiently explained, as no account is gi- 
ven of the fixed alkalies. Neither is it determined 
-_ whence the ammonia of this decompofition proceeds. I£ 
from the alkali, and no other fource appears, a proper 
inveftigation of this experiment fhould lead to the ana- 
lyfis of fixed alkali. At the "fame time, it is known, 
that the foap of commerce contains animal oïls, which 
certainly contain ammonia, or at leaft azot, one of its 
conftituent ingredients —T. 
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by diftillation with water. A fmall part unites 
with the diftilled water, and the reft fwims, for 
the moft part, on the furface, though a few of 
thefe oils are heavier than water. Sometimes 
this oil is contained in diftinét veficles of the 
vegetable, and is got by expreffion. In volatile 
oil, the peculiar odour of each plant is general- 
ly found, from which the term e/ential is deri- 
ved ; and, although from fome highly odorant 
vegetables, very little volatile oil is procurable, 
and a confiderable quantity from fuch as have 
little odour, it would appear that the fmell 
emitted by odorant vegetables is produced by 
its natural evaporation. 
Volatile oil is odorous, fapid, and püngént. 
- tis for the moft part liquid, even in low tem- 
peratures, though fome congeal in moderate de- 
grees of cold, and others are concrete in the or- 
dinary temperatures. It diflolves fparingly in 
water ; to which it communicates its peculiar 
odour, tafte, and pungency ; as Hkewife to alco- 
hol and proof-fpirits, in which it is more abun- 
dantly foluble. Both thefe folutions are ufually 
accomplifhed by diftillation, but may likewife 
be formed by other means. ‘That with water 
is called, in pharmacy, fimple diflilled water, or 
merely water of the peculiar vegetable; with 
proof-fpirit or alcohol, it gets the name of com 
pound diflilled water, ox fpirit of the vegetable ; 
when in large quantity, combined with alcohol, 
it 
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it is denominated eflénce or quintefflence, and is 
then more readily foluble | in sm and in lars 
ger proportion. 

Expofed to the air, volatile oïls gradually 
lofe their peculiar odours, are thickened, and fi- 
nally become concrete, refembling refins ; often 
depofiting acid cryftals, and fometimes granules 
refembling camphor. By moderate heat, they 
are volatilzed without change ; but are partially 
decompoied by greater heat than is neceffary 
for diftillation. Heated in contaét with air, 
they are more volatile, more readily inflam- 
mable, and produce more water in combuftion, 
than fixed oils, and confequently contain a lar- 
ger proportion of hydrogen. By the acids, they 
are oxydated, becoming black with fulphuric 
acid. Nitric acid, efpecially when mixed with 
fulphuric, readily fets them on fire. Dilute ni- 
tric acid and oxymuriatic, convert them into re- 
finous fubftances by oxydation. They combine 
with, or diflolve, fulphur, phofphorus, refin, and 
“camphor ; but combine difficultly and fparingly 
with the alkalies By fugar, mucilage, and 
fome other vegetable produéts, they are render- 
ed mifcible with water, in the ftate of emulfñon. 
. Previoufly united with alcohol, into what has 
been called efénce, they are confiderably foluble 
in water, ‘Their ultimate elements feem the 
fame with thofe of fixed.oils, carbon, hydrogen, 

and 
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and oxygen ; perhaps in different proportions, 
and different degrees of oxydation. 

The particular odours of volatile oils, and of 
all odorant bodies, have been fuppofed owing to 
the prefénce of a diftinét element or principle, 
called aroma or Jpiritus reélor : But, as there is 
no evidence of its exiflence, as every diftinct 
odour would, in this cafe, require a feparate 
fpecies of aroma, and as every peculiar fenfible 
quality might with equal propriety be referred 
to a peculiar hypothetic element, fuch as bitter- 
nefs, narcotic power, laxative or emetic quality, 
and fo: forth, it is certainly unphilofophical to 
affume any fuch element to exift. Befides, we 
know that metals poflefs odour and fapidity, 
and that both may be given to the mofît infipid 
and inodorous vegetable and animal produds, 
merely by changing the ftate of combination of 
their ultimate elements, by means of heat or 
otherwife. 

8: Camphor 15 chiefly procured by diftillation 
or fublimation from the wood of laurus campho- 
ra; but is likewife found in fome other vege- 
tables, and is depofited from the volatile oils of 
feveral plants when long kept. It is white, fe- 
mi-tranfparent, folid, tenacious, and fomewhat 
cryftalline, having a pungent fragrance and 
tafte. : It is highly inflammable, extremely vo- 
latile, and fublimes unchanged -by moderate 
heat ; is largely foluble in alcohol and oils, 

but 
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but fparingly in water or proof-fpirit, in which 
_it becomes more foluble by trituration with 
magnefia. Sulphuric, muriatic, fluoric, and ful- 
phurous acids, diffolve it without change. Dif- 
folved in nitric acid, an oily-looking liquor 
fwims on the furface, from which water precipi- 
tates the camphor. When nitric acid is fre- 
quently diftilled from camphor, it is entirely 
converted into camphoric acid. Camphor does 
not combine with the alkalies. Mixed with 
clay, or any fubftance which oppoles its ex- 
treme volatility, it becomes able to undergo 
confiderable heat, by which it is decompofed, 
giving over a volatile, pungent, and highly 
fragrant oil, exa@ly fimilar to effential oils: At 
the fame time, camphoric acid, with fmall quan- 
tities of carbonic acid, and hydro-carbonic gas, 
come over, and a fmall portion of carbonace- 
ous matter remains. Its ultimate elements pro- 
bably are carbon, hydrogen, and oxygen, per- 
haps having'more carbon and oxygen than the 
volatile oils. 

9+ Benxoin. As this vegetable production af. 
fords a peculiar acid by fublimation, and even by: 
other means of decompofition, it might deferve 
inveftigation, and a feparate place perhaps, as 
legitimately as camphor and fome other vege- 
table produûts : But, not having been hitherto 
fubmitted to chemical analyfis, we can only: 
here recommend it to the notice of chemifts. 

| 10. Amber, 
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10: Amber. It is doubtful to which of the 
three kingdoms of nature this peculiar fubftance 
is indebted for its origin. It is found on the 
fea-fhore, efpecially in Pruflia, and is dug from 
the earth: But has been fuppofed the work of 
infeéts, and to be prepared by them from the 
refinous exudations of fome of the fir or pine 
tribe. Like benzoin, it gives out a: peculiar 
acid by fublimation : But its chemical analyfis 
has not hitherto been inveftigated. 

11. Wax is collected by bees from the flowers 
and other parts of vegetables, but probably un- 
dergoes fome change from the änimal powers 
of thefe infects. In'its rude ftate, it is of vari- 
ous fhades of yellow or brown, having confider- 
able fragrance, and fome tafte ; being hard, te- 
nacious, plaftie, and foftening or melting by 
heat. When purified by bleaching, by which 
probably its carbon is partly feparated and fome 
oxygen added, it becomes perfettly white and. 
opake, and rather harder and more tenacious 
than before. 

Wax is fufible, and burns in a high tempe- 
rature, or with the aïd of a wick, refolving by 
combination with oxygen into water and car- 
bonic acid. By deftruétive diftillation, it gives: 
over a thick empyreumatie oil, and an acid li- 
quor, leaving a carbonaceous refiduum. Hence: 
its ultimate elements are carbon, hydrogen, and 
oxygen; and it feems to ‘have the fame rela- 

tion 
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tion with fixed oïls that camphor has to the vo- 
latile. 

12. Refin is hardly ever procured pure from 
vegetables, being generally mixed or combined 
with volatile oil, gum, or other matter. The 
turpentines, which are’ procured by exudation, 
or tapping, from many trees of the fir and pine 
tribes, and the various balfams, are refin dif- 
folved in effential oil. Tar is turpentine pro- 
cured by rude diftillation, mixed with carbona- 
ceous and other matters, and pitch is tar boiled 
to greater confiftence. 

By diftillation, the effential oils are feparated 
from the réfin in the turpentines, a fmall por- 
tion of benzoic acid being ufually procured at 
the fame time. When diftilled with the af- 
fiftance of water, and not pufhed too far, pure 
refin isgeft in the retort; but if the fire is a 
little urged, the refin is partially decompofed, 
and acquires colour from the prefence of free 
carbon, in which ftate it is called Colophony. 

In many vegetables, refin is naturally united 
with gum, forming gum-refin or refinous gum, 
according as one or other prevailss Thefe are 
foluble in water or. proof-fpirit ; or may be fe- 
_parated by diflolving the refinous part in alco- 
hol, and the gummous in water. In other ve- 
getables, the gum and refin are farther mixed 
with extradtive matter, fugar, ftarch, and other 
products. Moft gf the pure refins are foluble 
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in alcohol, effential oil, and fixed oil, though 
fome require the previous affiftance of ether, 
but thefe probably have fome difference in their 
compofition, by excefs or paucity of one or 
other of the ultimate elements. None of the 
refins are foluble in water, or only in a flight 
degree like camphor and effential oïls. They 
are moftly fapid and odorous; though fome, 
as copal and fandarach, are almoft devoid of ei- 
ther quality. ; 

 Refin is folid, tenacious, plaftic, and confider- 
ably tranfparent ; being brittle and eafñly pul- 
verized in a moderate temperature. It 1s eafily 
fufed, and readily inflammable, giving out car- 
bonic acid and water. In clofe veflels, it gives 
over empyreumatic oil, acid liquor, carbonic 
acid, and hydro-carbonic gas, leaving carbona- 
ceous matter. With alkalies it forms foap, and 
is much ufed in manufaéture for that purpofe, 
being a chief ingredient in yellow foap, and 
that to which it owes its folidity. Its ultimate 
elements are carbon, hydrogen and oxygen, 
probably having more oxygen than effential 
oils. 

13. Extraë&, ox Extractive Matter, is a pro- 
duét from vegetables, which confiderably re- 
fembles gum-refin, of which perhaps it is only 
a modification, by mixture or combination with 
other proximäte principles, and fome faline 
compounds. Et is obtainableïfrom mof, if not 

all, 
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all, vegetables, by maceration in water, and 
evaporation of the infufon. It is foluble in 
water, alcohol, or proof-fpirit, but not in ether ; 
and poflefles the fapid, odorant, and other fen- 
fible qualities of the vegetable from which'it is 
procured. By long expofure to the.air, or ra- 
pidly by means of the boiling heat, and by oxy- 
muriatic acid, it abforbs oxygen, becomes in- 
fipid and inodorous, and infoluble in water. 
By diftillation in clofe veflels, it gives over em- 
pyreumatic oil, acid liquor, and a fmall auan- 
tity of ammonia: Hénce its ultimate elements 
are carbon, hydrogen, azot, and oxygen. 

14. Caoutchouc, or Elaflic Gum*, is procured 
from feveral plants bÿ incifion; at firft of a 
thick milky confiftence, becomins concrete by 
expoiure to the air. Le ïs then of? various 
fhades, femi-tranfparent, extremely tough, flexi- 
ble when à little warm, and very highly elaftic. 
It is extremely inflammable, even when cold. 
By confiderable heat it is foftened, and lofes 
its elafticity. Water does not diflolve it, but 
permanently foftens its texture. It is infoluble 
‘in alcohol or proof-fpirit, but diffolves in ether, 
fixed and volatile oils, and in reétified petro- 
leum. Itis oxygenated and altered in its ap- 
pearance bÿ fulphuric and nitric acids. In 
clofe veffels, it gives over empyreumatie oil, 
N 2 carbonic 


* Likewife termed India rubber, or lead-eater,—T, 
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carbonic acid, hydrocarbonic gas, and ammo- 
nia: Its ultimate elements, therefore, are car- 
bon, hydrogen, azot, and oxygen. 

15. Tanin, or the Afiringent Principle, is pro- 
curéd from oak-bark, galls, or other aftringent 
vegetable, by infufon in water, but blended 
or combined with gallic acid, with which till 
lately it has been confounded. By a frft in- 
fufñon of aftringent vegetable in hot water, 
moft of the tanin contained is difflolved, along | 
with a fmall portion of gallic acid. A fecond 
infufon affords gallic acid with very little ta- 
nin; and à third infufion contains gallic acid 
almoft pure. Hence, fpent tan-bark contains 
gallic acid, and no tanin, or extremely little. 

If to an infufion of vegetable aftringent, a {o- 
ution of animal glue be added, the glue and 
tanin combine into an infoluble precipitate, and 
a folution of pure gallic acid is procured by fil- 
tration. 

To procure the tanin free from gallic acid, 
‘add a folution of muriat of tin to the aftringent 
infufñion. The oxyd of tin combines with the 
tanin, forming an infoluble precipitate, and the 
two acids remain in the liquid. By filtration and 
carcful wafhing, the acids are feparated from 
the infoluble compound, which is then to be 
diffufed in water, through which a ftream of 
fulphurated hydrogen gas is made to flow. This 
gas combines with the oxyd of tin, forming an 

infoluble 
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infoluble precipitate, and the tanin is left pure, 
now in folution. 

Tanin has no acid properties whatever; but 
eminently D eth de which were formerly at- 
tributed to gallic acid, or rather to the mixture 
or combination of that acid andtanin. It forms 
a dark precipitate with red oxyd of iron; dark- 
erthan that with common aftringent infufon, 
and much darker than that produced by gallic 
acid. By evaporation, it becomes a folid ex- 
tractive mafs, of a brown colour, with a bitter 
rough ftyptic or aftringent tafte, and is foluble 
in water. : With gelatin or animal glue, it 
forms an infoluble compound ; which diffufed 
among the fibres of fkins, renders them denfe, 
thick, infoluble, lefs permeable to moifture, and 
not liable to putrefation: In fhort, it converts 
them into leather, or tans them, which is its pe- 
culiar property, and from which its name is 
formed.  Perhaps the gallic acid, contained 
in common aftringent infufion or tan, affifts the 
tanning procefs, by deoxydating ;he fkin, and 
bringing it more to the ftate of animal glue. 
With acids, tanin forms infoluble compounds. 

16. Colouring matter has been fuppofed a pe- 

-culiar proximate principle of vegetables, though 
colour certainly belongs to feveral of their pro- 
dus already noticed ; and if feparate from the 
other produéts or proximate principles, it muft 
be various in its compofition, from the differ- 

N 3 ence 
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ence of colours producible from different vege- 
tables, and the different properties of colours in 
fixation or permanence, by meansgof mordants 
or precipitants. Though, therefore, colouring 
matter does’ not properly belong to this fection, 
it is here introduced as forming a very intereft- 
ing fubjeét of difquifition, but of which our.li- 
mits cannot admit the inveftigation. It involves 
the whole art of dying by means of vegetable 
fubftances, and the art of making vegetable pig- 
ments. 

Animal fubftances have à more ready attrac- 
tion for colouring matter than vegetable mate“ 
rialé; and retain it more pérmanently *: Hence 
filk'and woollen fabriés are more eafily and 
permanently dyéd than thofe of cotton or linen. 
Various mordants or précipitants are employed, 
to form infoluble compounds with colouring 
matter, 'to fix it in the dyed.fubfiance, and 
often likewife to modify the colour. Argil, me- 
tallic oxyds, gallic acid or rather tanin, gelatin, 
and gum, are 1among the principal of thefe mor- 
dants or precipitants ; and are employed, either 
by previous combination with the fubftance to 
be dyed, to make it take in and fix the colour ; 

after 


* Hence I fhould fufpeët, that colouring matter is near- 
1y allied to tanin, or is intimately combined with it; and 


that the fixity of dye-fluffs may depend on their contain- 


ing a fufficiency of tanin.—T, 
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after the colouring matter has been united with 
the dyed fubftance, to fix or heighten or modi- 
fy the colour, or, bÿ previous combination with 
the dying material, to make it proper for com- 
bining with the fubftance to be dyed. The 
formation of vegetable lakes or pigments, is ef- 
fetuated by the combination of fome mordant 
or precipitant with the colouring material in fo- 
lution, which caufes it to precipitate in an info- 
luble or difficultly foluble, compound. The 
preparation of indigo, woad and other dye-ftuffs 
is of this nature, in which oxygen feems the 
precipitant ; and the a of dying with thefe . 
preparations confifts, probably, in deoxydating 
them, in the firft place, to render them foluble, 
and afterwards reftoring oxygen to give back 
their colour, and fix them properly in the dyed 
ftuffs. 

17. Ligneous fibre, may be confidered as the 
fkeleton or {olid bafis of plants, to which all the 
other produéts or proximate elements are natu- 
rally attached. It is infipid and inodorous, and 
infoluble either in water, alcohol or oils. By 
oxygenation, nitrid acid converts it into oxalic 
‘and malic acids ; and it is decompofed by other 
-acids. By deftruétive diftillation, it gives over 
pyrolignous acid, carbonic acid, and hydro- 
carbonic gas, leaving a large carbonaceous refi- 
duum ; and confequently confifts of carbon, hy- 
drogen, and oxygen. 

N 4 18. Charcoal 
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18. Charcoal is any vegetable fubftance de- 
prived of all volatile parts by the force of heat, 
or the refiduum left in all deftruétive diftilla- 

tions. Itis likewife procurable by fimilar means 
_ from a variety of animal fubftances, and is even 
found in fome mineral productions. Properly 
fpeaking, thefe ought to be called carbonaceous 
matters, as charcoal, in ftrit language, is the 
refñiduum from wood or other vegetable fub- 
france, after deftructive diftillation in a red heat. 
The charcoal of commerce is rudely prepared, 
in a manner fimilar to the above, by flow inci- 
neration in clofed heaps. For chemical pur- 
pofes, it is formed by fubjeéting wood, or other 
vegetable fubftance, to intenfe, or at leaft full 
red heat, without accefs of air. 

When properly prepared, charcoal is light, 
Tolid, fhining, brittle, porous, fonorus, infipid, 
inodorous, and perfe@tiy black. It readily ab- 
forbs moifture, and even large quantities of the 
different permanent gafes, without appearing 
to be changed in its fenfible properties ; though 
chemically it is very materially altered. Hence, 
before fubjeéting charcoal to any chemical in- 
veftigation, the neceflity of keeping it long in a 
full red heat, to expel thofe foreign admixtures ; 
and, without expofure to air, to prevent its com- 
buftion.  Soot is charcoal in powder, mixed or 
combined with various other vegetable or ani- 
mal produ&s, according to the fubftance from 

voie 
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which it is procured. Lamp-black is the foot 
of very impure animal or vegetable oils.  Ivory- 
black is bones burnt, to blacknefs only, in clofe 
veffels. 
When charcoal is fet on fire, or raifed to the 
temperature of ignition in contact with air, it is 
almoft entirely converted into carbonic acid. 
What remains under the name of afhes, confifts 
of afmall quantity of earth, moftly lime ‘and 
magnefia, often combined with fome acid, and 
containing a fmall portion of potafh or foda, or 
both, and fome minute particles of neutral falts. 
By a fomewhat different mode of incinerating 
vegetable fubftances, with more free accefs of 
air, the charcoal is burnt off, and the refiduum 
confifts chiefly of alkali, potaifh, or foda, or a 
mixture of thefe, according to the: vegetable 
which is incinerated, together with the earthy 
and faline matters already mentioned. As, in 
thefe different methods of incineration, the pro- 
dut of alkali is very different, more abundant 
in the free, and much more fcanty in the clofe 
manner of making charcoal, there are very ftrong 
grounds for fuppofñng potafh and fodà to be 
formed during the procefs. 
= Charcoal, properly prepared, has long been 
confidered as carbon, almoft in a ftate of purity ; 
and, on this fuppoñition, the illuftrious Lavoi- 
fier concluded from his experiments, that car- 
bonic acid confifted of 28 parts of carbon, com- 


bined 


202 "ELEMENTS 


bined with 72 parts of oxygen. But, from more 
recent experiments by Morveau, it appears, that 
acid-has only 17.88 parts:0f pure carbon, with 
82.12 parts of oxygen, or nearly 18 and 82. 

By:thé laft, and moft exaét, experiments, it 
appears, that diamond is carbon in perfect puri- 
ty; and, that. the beft-made charcoal, indepen- 
dent of its minute earthy and faline mixture, is 
a true oxyd of carbon: Hence the calculations 
of Lavoifier, refpecting the ultimate elements of 
feveral fubftances, in which carbon and oxygen 
are principal ingredients, require correion. 

19. Bitumen. Although naturally of mineral 
origin, bitumen feems to have been produced by 
chemical changes from organic materials; but 
whether of vegetable or animal bodies, has not 
been fatisfattorily determined. Bitumens are 
found exuding from fiflures of ftrata or Veins, Or 
floating on the waters of fprings, or forming 
 ftrata in the earth, combined with other matters. 
The principal fubftances ufually ranked under 
the general denomination of bitumens, are Naph- 
tha, Petroleum, Afphaltum, Amber, Coal, Jet, » 
and Melilite. But the chemical analyfis of thefe # 
bodies, by no means warrants their being arran- 4 
ged together. | 

Naphtha is a very light pellucid or yellowifh 
liquid, highly volatile and inflammable, with a 
very.penetrating odour. It diflolvesoils, refins, 

and 
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and caoutchouc, and is infoluble in water or 
alcohol, ot very flightiy fo. It feems to-have 
confiderable analogy with ether, and probably 
confifts of carbon, hydrogen, and oxygen. 

Petroleum is fimilar in many refpe@s to naph- 
tha, but thicker, lefs volatile and inflammable, 
of a brown or black colour, and affords naphtha 
by diftillation, | 

Afphaltum i$ folid and brittle, of a brown or 
black colour, melts by confiderable heat, and is 
inflammable. By deftruétive diftillation, it gives 
over empyreumatic oil, carbonic acid, and hy- 
dro-carbonic gas; confequently is compofed of 
carbon, hydrogen, and oxygen. 

Coal differs from the former in leaving a ref- 
duum, lefs or more in the different varicties, of 
earthÿ matters, chiefly argil, with fome oxyd of 
iron. By deftruétive diftillation, it gives over 
empyreumatic oil, carbonic acid, hydro-carbonic 
gas, and ammonia. In clofe veflels, the refiduum 
contains a confiderable quantity of carbona- 
ceous matter, which burns to white or coloured 
afhes in the open fire, according to the propor- 
tion and ftate of oxyd of iron in its compofition. 
It likewife fometimes gives over fulphurous acid, 
probably from containing pyrites, or fulphurat 
of iron, Its ultimate elements are, carbon in 
large quantities, hydrogen, azot, and oxygen, 
With an earthy bafis of argil, and fometimes 
fome magnefia. 


Jet 
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Jet feems intermediate between coal and af- 
phaltam, as it leaves very little afhes on incine- 
ration. 

Amber has been already noticed, 10. in this 
fe@ion. 

Melilite, or Honey-ftone, is found in ftrata of 
wood, mineralized by bitumen: it hasa light 
yellow colour, and is generally cryftallized. It 
is not foluble in alcohol or oils, and is difficalt- 
ly inflammable. It feems to confift of argil, 
combined with a peculiar acid, analogous to the 
oxalic; and is therefore a neutral falt. 


mm —— 


Befides thefe enumerated proximate elements 
of vegetable fubftances, they afford various : 
earths and neutral falts, and even minute me- : 
talline portions, in their refidua ; the confidera- 
tion of which would lead far beyond our pre- 
fent limits. Certain vegetables, efpecially of: 
the Cruciform natural order, contain ammonia, 
and even fome afford minute portions of fulphur » 
and phofphorus. From all vegetables, potafh, 
and from many, efpecially marine plants, foda, : 
is procurable by incineration, But, whether 
thefe alkalies exifted previoufly in the plant, or 
are formed by change of ultimate elements du- 
ring the incineration, is not decided: the latter G 
is the moft probable. | 

6 II. 


\ 
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$ II. Proximate Elements of Animal Sub- 
lances. 


This fubje&, like the analÿfis of vegetable 
fubftances, would require more extended invefti- 
gation than our limits can admit; and, there- 
fore, muft be treated of only very curforily. 
Animal fubftances differ from vegetable, in a 
greater tendency to putrefaétion, and being 
hardly, or very little, liable to vinous or acef- 
cent fermentation. Their uitimate elements 
are more numerous in general than thofe of ve- 
getable fubftances ; as, befides carbon and hy-. 
drogen, they moftly contain azot and phofpho- 
rus : they likewife feem to have lefs oxygen in 
their compofition, as they afford lefs acid on de- 
compofition. 


$ 1. Blood. 


1. The Blood, of what are called the perfect 
animals, is a vifcid liquid, of a red colour, with a 
fweetifh tafte, and peculiar odour. In the veins 
it is dark coloured, becoming florid in the lungs 
and in the arterial fyftem. The air, efpecially 
oxygen gas, renders it florid; but moft of the 
other gafes make it darker. By fpontaneous 
coagulation, it feparates into ferum and craffa- 
mentum. 

2. Sérum 
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2. Serum is flightly vifcid, yellowifh, has a fa- 
line tafte, and is mifcible with water. At about 
165° of Fahrenheit it coagulates, from which a 
fomewhat turbid liquid may be expreffed, 
which fixes whèn cold into a jelly. There- 
maining liquid is water, containing foda, mu- 
riat of foda, and a falt having phofphoric acid. 
Thus ferum confifts of albumen, or the part coa- 
gulable by heat, gelatin, or the jelly-like fub- 
ftance expreflible from it, and faline matters, 
all diffolved in water. Serum is coagulated by 
alcohol, acids, acidulous falts, and feveral me- 
tallic oxyds. 

3. Albumen :s coagulable by heat, unlefs dif- 
folved in eight or ten times its weight of water ; 
but is not foluble after coagulation. It diflolves 
readily in folutions of potafh and foda, giving. 
out ammonia ; and diffolves flowly in ammonia. 
By the nitric acid it ïs decompofed ; nitrous 
gas is difengaged, and an oily fubftance, foluble 
in alcohol, remains. In clofe veffels, it gives out 
empyreumatic oil, carbonat of ammonia, carbo- 
pated and fulphurated hydrogen gas, and pruf- 
fic acid; the carbonaceous refiduum contain- 
ing phofphats and carbonats of foda and lime, 
and muriat of foda. Hence its ultimate ele- 
ments are, carbon, hydrogen, azot, phofphorus, 
fulphur, lime, foda, muriatic acid or its bafis, 


and oxygen. 
4. Gelatin 
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4. Gelatin is foluble in water, and is preci- 
pitated by alcohol and the mineral acids. With 
 tanin it forms an infoluble compound : already 
mentioned. Its aqueous folution, evaporated 
to drynef, is glue. Decompofed by nitric acid, 
a large quantity of gas difengages, and oxalic 
acid is formed. In clofe veflels, it gives over 
carbonic acid, hydro-carbonic gas, carbonat of 
ammonia, and empyreumatic oil ; its carbona- 
ceous refiduum containing phofphat of lime. 
Hence gelatin is not nearly fo much compound- 
ed as albumen, having only carbon, hydrogen, 
azot, phofphorus, lime and oxygen as its ulti- 
mate elements, Er 

5. The Craffamentum, ox fpontaneoufly coagu- 
lable part of the blood, does not readily putrefy 
on expofure to air, and may be dried by mode- 
rate heat. By repeated wafhing with cold wa- 
ter, craffamentum is refolvable into its red co- 
Jouring matter, which is foluble, and:a folid 
white infipid and inodorous elaftic fibrous mafs, 
infoluble in water except by long boiling, call- 
ed gluten, coagulable lymph, or fibrin. 

: 6. Fibrin is decompofed by potafh and {oda, 
Swing out ammonia, and carbonaccous matter 
is precipitated, It likewife diflolves in acids, 
but when precipitated from this folution by al- 
kKalies, it has loft its peculiar qualities and ap- 
Péarance. Nitric acid diluted difengages from 
ita large quantity of azot, and oxalic acid is 

formed, 
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formed, with fmall portions of malic and ace- | 


tous acids. By deftruétive diftillation, it affords, 
empyreumatic oil, carbonat of ammonia, fome 
very fetid gas, probably confifting of hydrogen 
and azot with phofphorus: the carbonaceous 
refiduum contains phofphat of lime. Its ulti- 
mate elements, therefore, feem the fame with 
 thofe of gelatin. 

7. Colouring matter, OT the red globules of 
the blood, which is foluble in water, but fuffers . 
a gradual decompofition, is changed in its co- 
lour by the gafes in the fame manner with 


blood itfelf; hence: the change of the blood, * 


from venous to arterial in the lungs, is produ- 
ced by the action of oxygen: By deftrudive 
diftillation, it affords empyreumatic oil, car 
bonated and fulphurated hydrogen gafes, and 
pruffiat of ammonia: the carbonaceous refi=» 
duum contains carbonat, phofphat and muriat: 
of foda, carbonat and phofphat of lime, oxyd of: 
iron and charcoal. 1 


a tin 


… We have feen, by the preceding fhort abftract 
of the chemical compoñition of the various parts 
of the blood, that itis an extremely compound 
liquid, containing carbon, hydrogen, azot, phof: 
phorus, lime, foda, iron, muriatic acid, or its bas 
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fis and oxygen. From the blood, all the other 
liquids of the animal body, and its folid parts, 
are formed, renewed, and augmented, All thefe 
ultimate elements muft either be derived from 
nutrition, ref iration, or abforption: And al- 
_ though vegétable fubftances do not afford ail of 
thefe ultimate elements, at leaft in any quantity 
proportional to thofe in animal fubftances, yet 
as all ingefta, or nutritious matter, is ultimatély 
refolvable into the vegetable kingdom, water 
and atmofpheric air, thefe muft all be derived 
from thofe fources. It is, however, incompa- 
tible with our limits to enlarge on the fubject 
of nutrition, refpiration, and fecretion, which 
would require a large volume for their proper 
inveftigation. 

The chief fource of the blood is from the 
chyle, or nutritious materials of food, diflolved 
and mixed with faliva, the gaftric and pancrea-. 
tic juices, and bile. It appears, that during cir- 
culation, the arterial blood lofes azot and oxÿ- 
gen, the venous blood having lefs of thefe, and 
more carbon, than the arterial, In the lungs, 
the venous blood is reftored toits arterial or 
florid ftate, and carbonic acid is evolved, by its 
fuperabundant carbon combining with the*oxy- 
gen of the refpired air. Itis highly probable, 
likewife, that the blood abforbs azot during re- 
fpiration, and likewife oxygen. During thefe 
changes, there is the higheft probability that 

Vo. I, Q ". «@aloric, 
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caloric, formerly exifting combined with the re- 
fpired :air, is fet free to produce temperature, 
and that, in this manner, refpiration aéts as one 
fource at leaft of animal heat. What renders 
this idea highly probable, is, that we uniformly 
find animals which either do not refpire air, or 
which refpire it lefs regularly than the more 
perfect animals much colder in their tempera- 
ture, and that every circumftance which accele- 
rates the paflage of the blood through the lungs, 
and confequently quickens and augments refpi- 
ration, increafes animal heat. The animal fy-- 
ftem likewife poffefles the power of refifting the 
accumulation or too great increafe of tempera- 
ture ; one principal fource of which is probably 
, from the evaporation of perfpirable matter, 


$ 2. Animal Fluids. 


Thefe are all or chiefiy formed or feparated 
from the blood by fecretion. The principal fe- 
creted fluids are, Milk, Lymph, Mucus, Saliva, 
Gattric juice, Bile, Urine, and Perfpirable Mat- 
ter. à 

1. Milk is white, fweet, and having a peculiar 
flavour, and differs confiderably as obtained 
from different animals, and even from the fame 
animal on different kinds of food. It naturally 
feparates, by ftanding, into cream, and more 
watery milk. Cream by agitation, during which 

it 


OF CHEMISTRY. 211 


it abiorbs oxygen, is converted into butter, and 
a thick fluid When milk is kept fome time 
after the cream feparates, it grows firft acidu- 
lous, and then coagulates. If this coagulum be 
prefled, a dry fubftance, infolublé in water, and 
elaftic, called cheefe, is procured; the liquor 
which drains off is whey. This coagulation 
may be produced by various other means, fuch: 
as alcohol and the acids, and principally, for 
economical purpofes, by the gaftric liquor of 
young animals, mixed with muriat of Lee and 
diffolved in water. 

2. Cheëefe, or the cafeous matter of milk, when 
containing little or no butter, is at firit white 
and opake, but grows afterwards fomewhat tranf- 
arent and elaftic. It is infoluble in cold wa- 
er. It diflolves in potafh and foda, giving out 
immonia ; and diflolves partially in dilute mi- 
ral acids. In a moilt atmofphere, it foon 
rows putrid. By deftructive diftillation, it 
ives over empyreumatic oil, ammonia, and hy- 
ro-carbonic gas, leaving a carbonaceous ref- 
uum, which contains potafh or foda. 

3. Vbey or Jerum, when perfeétly free from 
ream or butter, is yellowifh, and has a bland, 
aline, fweetifh tafte. By evaporation, it affords 
faline fubftance ; which, by a fecond folution 
nd evaporation, becomes à white, fweetifh, 
ryftallized falt, called /ugar of milk. Treated 
ith nitric acid, nitrous gas is difengaged, li- 
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quid oxalic acid, and concrete faccho-laétic a- 
cids, are produced. 

From the quantity of faccharine fubftance in 
whey, it 1s fufceptible of vinous and acefcent 
fermentation: But the acid is not vinegar ; it 1 
a peculiar acid, called the Zackic. 

Whey likewife contains muriats of lime, pot- 
afh, and foda, and fome  falt which contains 
phofphoric acid. Hence, though milk has ma- 
ny properties refembling vegetable fubftances, 
its chemical analyfis fhews, that its compoñitioni 
is more analogous to animal matter. 

4. Lympb, which is contained in the lympha-- 
tic or abforbent veflels, is a vifcid, pellucid, and 
infpid liquid, apparentlÿy a folution of the al- 
bumen and gelatin of the blood, like which, it 
is coagulable by heat, acids, and alcohol. 

5. Mucus, or the thickifh liquid which fpreads 
over the pañlages and internal furfaces of the 
animal body, is probably lymph more infpiffa: 
ted. 

6. Saliva is imperfeétly foluble in water, ant 
is coagulable by the mineral acids. Diffolved 
alkalies, it gives out ammonia. It feems ti 
be a folution of albumen inmwater, with the adi 
dition of fome muriat of foda, and perbaps fon 
phofphat of lime. 

7. Gaftric Liquor, which is fecreted from tn 
inner coat ofthe ftomach, and probably from « 
leaft part of the inteftines, 1s foluble in wate: 

hi 
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has à flight faline tafte, and is quite limpid. Its 
peculiar property is that of diflolving the food 
in the omach* into a milky liquid called chye. 
After death this folvent power even aéts on the 
ftomach itfelf. By evaporation it is reduced to 
a dry mafs, which gives out in deftructive diftil- 
lation ammonia and empyreumatié oil, leaving 
carbonaceous matter, which contains muriat of 
foda and other neutral falts. 

8. Bile is a thick yellowifh-gréen liquid, ha- 
ving an intenfely bitter tafte, and faint odour. 
At is foluble in water ; and by alcohol, albumen is 
coagulated from it. The green bitter fubitance 
remains diflolved in the alcohol, and is of a re- 
finous nature. It may be feparated by evapora- 
ting the alcohol, or precipitated from it by wa- 
ter. When concrete, this relin of the bile is in- 
flammable, and fufes at 120° of Fahrénheit, 
By oxymuriatic acid, it changes to a white, unc- 
tuous, bitter concrete, which is foluble in alco- 
hol, and in hot water. By deftructive diftilla- 
tion, bile gives out empyreumatic oil, carbonat 
Of ammonia, pruflic, and carbonic acids, and 
hydro-carbonic gas : its ultimate elements there- 
fore are, carbon, hydrogen, azot, phofphorus, 
and oxygen. 

. Calculous concretions, named gall- TA aré 
often formed in the gall-bladder, of various de- 
grees of colour and hardnefs ; often confifting 
à feparate cryftalline concentric laminæ, of an 

0 3 unctuous 
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untuous appearance, and inflammable. Some 
are foluble in alcohol and effential oils. By che» 
mical ana:yfs, they afford refin of bile, benzoic 


acid, and fmall quantities of lime, foda, and neu- 


tral falts, having a bafis of ammonia. 
9. Urine, when firft difcharged, is flightly acid, 


but foon evolves ammonia, and becomes alkaline « 


and putrid. Evaporated, it gives out water and 


carbonat of ammonia, leaving a thick, brown, ! 


fetid mafs, from which deftruétive diftillation 
affords a very fetid empyreumatic oil, carbonat 


of ammonia, feveral compound gafes, and a ‘ 
fmall portion of phofphorus.  Alkalies precipi- « 


tate phofphat of lime from urine. Tanin pre- * 


cipitates a quantity of gelatin. The faline parts 


of urine, part of which cryftallizes on cooling, « 


are principally phofphats of foda, ammonia, 


lime, and magnelia, muriats of foda and ammo- “ 


nia, Lthic or uric acid, and fometimes, efpecial- * 


ly in graminivorous animals and the urine of 
children, benzoic acid. 
By peculiar procefles, a large quantity of a 


peculiar fubftance, called wree, is procurable 


from urine, on which the colour, tafte, and pro- 


perties of frefh urine principally depend. It 


conftitutes about a twentieth part of the urine, | 
is foluble in water, and readily decompofes fpon- 


taneoufly, afording carbonat of ammonia. By 
deftrudive diftillation, it gives out a large quan- 


à 


tity of carbonat of ammonia, and a fmall portion. 


of empyreumatic oil. 


s 


Calculous"* 


‘ 


OF CHEMISTRY. 215 


Calculous concretions frequently form in the 
bladder and kidneys. Thefe chiefly confift of 
hthic acid, and animal matter, probably albu- 
men, with very little lime, often not more than 
a two-hundredth part, fometimes a great deal 
more. Some confit of phofphoric acid combi- 
ned with magnefa and ammonia ; and in fome 
oxalat of lime has been detected. 

10. Perfpirable Matter, or the conftant ex- 
halation from the furface of the body of ani- 
mals, confifts partly of a fmall portion of carbo- 
nic acid gas, and partly of water, holding lymph 
and fome faline matters in folution. 


$ 3. Animal Solids. 


1. Membrane, which is the bafis of cellular 
fubftance, ligaments, tendons, cartilage, and 
fkin, is chiefly compofed of gelatin or animal 
glue, to which they may almoft entirely be re- 
‘folved by long boiling in water, and fome of 
thefe contain lefs or more of phofphat of lime. 

2. Bone confifts chiefly of gelatin, united with 
phofphat of lime. By deftruétive diftillation, 
bone affords carbonat of ammonia, fetid empy- 
reumatic oil, and hydro-carbonic gas, leaving a 
large carbonaceous refiduum, containing moftly 
phofphat of lime, with fmaller portions of car- 
bonat and fulphat oflime. Horn is fimilar in pro- 

O 4 perties 
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perties and éompofition to bone. Shells contain 
a much larger quantity of carbonat of lime, and 
_fome confift of hardly any thing elfe, with a 
fmall portion of gelatin. 

3. Mufcular fibre, by careful wafhing, becomes 
white, infipid, and elaftic, and feems to confift 
chiefly of fibrin. With nitric acid, it gives out 
azotic gas, and is converted into oxalic and ma- 
lic acids. Decompofed by heat, befides the 
ufual animal produéts, zoonic acid is obtained. 
The water in which mufcular fibre has been 
macerated, contains the colouring matter of 
blood, gelatin, albumen, a fmall portion of fa- 
line matter, and fat. 

4. Fat is of various confftence, from different 
animals ; it is white, infipid, and inodorous, in- 
{oluble in water or alcohol, combines with alka- 
lies into, foap, and is inflammable. It grows 
rancid by expolure to air, being oxygenated, 
and a peculiar acid is formed, called /ébacic 
acid, which may likewife be formed by means 
of nitric acid. By deftructive diftillation, it af- 
fords acid liquor, and empyreumatic oil, and 
hydro-carbonic gas, leaving a carbonaceous refi- 
duum. 3 

5. The Brain confifts moftly of albumen, with 
fome faline fubftances, efpecially phofphats of 
lime, foda, and ammonia, 

CHA P. 
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CORMA ECRIRE 


Of the Decompofition of Vegetable and Animaë 
Subftances by the Aclion of Fire. 


EFORE we can thoroughly comprehend 
what takes place during the decompofition 
of vegetable fubftances by fire, we muft take in- 
to confideration the nature of the elements which 
enter into their compofition, and the different 
affinities which the particles of thefe elements 
exert upon each other, and the affinity which 
caloric poffeffes with each of them. The true 
conftituent elements of vegetables are hydrogen, 
oxygen, and carbon : Thefe are common to all 
vegetables, and no vegetable can exift without 
them. Such other fubfiances as exift in parti- 
cular vegetables are only effential to the com- 
pofition of thofe in which they are found, and 
do not belong to vegetables in general. 
Of thele elements, hydrogen and oxygen 
have a ftrong tendency to unite with caloric, 
and be converted into gas, while carbon is a 
fixed element, having little affinity with calo- 
ric. On the other hand, oxygen, which, in the 
ufual temperature, tends almoft equally to unite 
with 
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with hydrogen or with carbon, has a much 
ftronger affinity with carbon, when at the red 
heat *, and then unites with it to form carbonic 
acid. 

Although we are far from being able to ap- 
preciate all thefe powers of aflinity, or to exprefs . 
their proportional energy by numbers, we are 
certain, that, however variable they may be, 
when confidered in relation to the quantity of 
caloric with which they are combined, they are 
all nearly in equilibrium in the ufual tempera- 
ture of the atmofphere ; hence vegetables nei- 
ther contain oïl+, water, nor carbonic acid, 
though they contain all the elements of thefe 
fubiftances. The hydrogen is not: combined 
particularly with the oxygen nor with the car- 

bon ; 

* Though this term, red heat, does not indicate any ab- 
folutely determinate degree of temperature, I fhall ufe it 


fometimes to exprefs a temperature, confiderably above 
that of boiling water.—A. 


+ I muft be underftood here to fpeak of vegetables redu- 
ced to a perfeétly dry ftate ; and, with refpet to oil, I do 
vot mean that which is procured by expreflion either in 
the cold, or in a temperature not exceeding that of boiling 
water ; Ï only allude to the empyreumatic oil procured 
by diftillation with a naked fire, in heat fuperior to the 
temperature of boiling water, which is the only oil de- 
clared to be produced by the operation of fire. What I 
have publifhed upon this fubjeét in the Memoirs of the 
Academy for 1786 may be confulted.—A. 


OF CHEMISTRY. 219 


bon; and reciprocally : The particles of thefe 
three fubftances form a triple combination, which 
remains in equilibrium, while undifturbed by 
caloric ; but a very flight increafe of tempera- 
ture is fuflicient to overturn this ftructure of 
combination. 

If the increafed temperature to which the 
vegetable is expofed does not exceed the heat of 
boiling water, one part of the hydrogen com- 
bines with the oxygen, and forms water ; the 
reft of the hydrogen combines with a part of 
the carbon, and forms volatile oil ; while the 
remainder of the carbon, being fet free from 
its combination with the other elements*, re- 
mains fixed in the bottom of the diftilling vef- 
re) ENNTE 

When, on the contrary, we employ a red 
heat, no water is formed, or, at leaft, any that 
may have been produced, by the firft applica- 
tion of the heat, is decompofed : the oxygen, 
having a greater affinity with the carbon at 
‘ this degree of heat, combines with it to form 
carbonic acid; and the hydrogen, being left 
free from combination with the other elements, 


unites 


* This ftatement is oply partially true, for a fmall part 
of the ingredients remains very obftinately attached to 
the carbon, and can hardly be driven from it without the 
affiftance of oxygen, by means of which the carbon itfel£ 
fuffers combuftion.—T.. 
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unites with caloric, and efcapes in the flate of 
hydrogen gas#. In this high temperature, ei- 
ther no oil is formed, or if any has been produ- 
ced during the lower temperature, at the begin- 
ning of the experiment, it is decompofed by the 
action of the red heat. Thus the decompoñition 
of vegetable matter, under 4 high temperature, 
is produced by the action of double and triple 
affinities ; while the carbon attraéts the oxygen 
on purpofe to form carbonic acid, the caloric at- 
tracts the hydrogen, and converts it into hydro- 
gen gas. 

The diftillation of every fpecies of vegetable 
fubftance confirms the truth of this theory, if 
we can give that name to a fimple relation of 
fa&s. When fugar is fubmitted to diftillation, 
fo long as we only employ a heat but a little 
below that of boiling water, it only lofes its 
water of cryftallization ; it ftill remains fugar, 
and retains all its properties ; but, immediately 
upon raifing the heat only a little above that 
degree, it becomes blackened, a part of the car- 
bon feparates from the combination, water 
flightly acidulated paffes over, accompanied by 

a 


* The hydrogen gas, produced in this way, is not pure, 
but holds a confiderable portion of carbon in folution : It 
is carbonated hydrogen gas, called, in the old chemical 
language, Heavy inflammable air.—T, 
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a little oïl, and the charcoal * which remains in 
the retort, is nearly a third part of the original 
weight of the fugar. 

The operation of affinities which takes place, 
during the decompoñition, by fire, of vegetables 
which contain azot, fuch as the cruciferous 
plants, and of thofe containing phofphorus, is 
more complicated ; but, as thefe fubftances on- 
ly enter into the compoñtion of vegetablés in 
very fmall quantities, they only, apparentiy, 
produce flight changes upon the produéts of dif- 
tillation. The phofphorus feems to combine 
with carbon, and, acquiring fixity from that 
union, remains behind in the retort ; while the 
azot, combining with a part of the hydrogen, 
forms ammoniac + or volatile alkali. 

Animal fubftances, being compofed neéarly 
of the fame elements with cruciferous plants, 

give 


* The term charcoal is here retained, becaufe it is ftill 
.contaminated with feveral foreign matters. Carbon ftriét. 
ly fpeaking, is only ufed to denominate the pure elemen- 
tary and combuftible part of charcoal, which part aëts 
alone in combinacions and decompofitions.—T. 


+ Dr Blacks propofed term awmona, as will be more 
” particularly noticed in the fequel, feems better adapted as 
a fingle term for this fubflance than the one here ufed, 
Befides, in the above explanation, the ammoniac or am- 
mona, whichever term be preferred, is not pure, being 
combined with carbonic acid, wherefore it ought to have 
been named Carbonated ammoniac.—T. 
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. give almoft the fame produéts in diftillation ; 
with this difference, that, as they contain a 
greater quantity of hydrogen and azot, they 
produce more oïl'and more ammoniac., I fhall 
only produce one faét as a proof of the exact- 
nefs with which this theory explains all the phe- 
nomena that occur during the diftillation of 
animal fubftances ; which is the rectification, 
and total decompofition, of volatile animal oil, 
commonly known by the name of Dippels oil. 
When thefe oïls are procured: bÿ à firft diftilla- 
tion in a naked fire they are brown, from con- 
taining a little carbon, almoft in a free flate ; 
but they become quite colourlefs by rectifica- 
tion: Even in this ftate, the carbon in their 
compoñition has fo flight a conneétion with the 
other elements as to feparate from them by 
mere expolure to the air. If we put a quanti- 
ty of this animal oil, well rectified, and confe- 
quently clear, limpid, and tranfparent, into a 
bell-glafs filled with oxygen gas over mercury, 
in a fhort time the gas is much diminifhed, be- 
ing abforbed by the oil; the oxygen combining 
with the hydrogen of the oil forms water, which 
finks to the bottom ; at the fame time the car- 
bon, which was combined with the hydrogen, 
being fet free, manifefts itfelf by rendering the 
oil black, Hence the only way of preferving 
thefe oils colourlefs and tranfparent, is by kecp- 
ing them in bottles perfeétly full and accurate- 


ly 
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ly corked, to hinder the contact of air, which 
always difcolours them. 

Succeffive reétifications of this oil furnifh an- 
other phenomenon confirming our theory. fn 
each diftillation a fmall quantity of charcoal re- 
mains in the retort ; and a little water is form- 
ed, by the union of the oxygen contained in 
the air of the diftilling veffels with the hydro- 
gen of the oil. As this takes place in each fuc- 
ceffive difüillation, if we make ufe of large vef- 
fels and a confiderable degree of heat, we at laft 
decompofe the whole of the oil, and change it 
entirely into water and charcoal When we 
ufe fmall veflels, and efpecially when we em- 
ploy a flow fire, or a degree of heat only a little 
above that of boiling water, the total decompo- 
fition of thefe oils, by repeated diftillation, is 
greatly more tedious, and more difficultly ac- 
complifhed. T fhall give a particular detail to 
the Academy, in a feparate memoir, of all my 
experiments upon the decompoftion of oil ; 
but what [ have related above may fuffice to give 
juft general ideas of the compoñition of animal 
and vegetable fubftances, and of TRE decompo- 
tion by the action of fire. 


CHA P. 
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” CHAP. XII. 


ef the Decompofi tion of Végetable Oxyds by the 
Vinous Fermentation. 


FHE manner in which wine, cyder, mead, 
and all the liquors formed by the fpiri- 

tous fermentation, are produced, is well known 
to every one. The juice of grapes or of apples 
being exprefled, and the latter being diluted with 
water, they are put into large vats, which are 
kept in a temperature of at leaft 54.5° of the 
thermometer. À rapid inteftine motion, or fer- 
mentation, very foon takes place; numerous 
globules form in the liquid, and burft at the fur- 
face; when the fermentation is at its height, 
the quantity of gas difengaged is fo great as ta 
make the liquor appear as if boiling violently 
over a fire. When this gas is carefully gather- 
ed, it is found to be carbonic acid perfe&ly 
pure *, and free from admixture with any other 
fpecies of air or gas, | 


When 


1 


* This affertion of the perfect purity of carbonic acid 
gas difengaged during the vinous fermentation, mul be 
taken with fome allowance ; for it almoft always, I believe 

_confantly, 
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When the fermentation is cempleted, the 
juice of grapes is changed, from being fwect and 
full of fugar, into a vinous liquor, which no 
longer contains any fugar, and from which we 
procure by diftillation an inflammable liquor, 
known in commerce under the name of Spirit 
of Wine. As this liquor is produced by the fer- 
mentation of any faccharine matter whatever 
diluted with water, it muft have been contrary 
to the principles of our nomenclature to call 
it fpirit of wine rather than fpirit of cyder, 
or of fermented fugar; wherefore we have a- 
dopted a more general term, and the Arabic 
word afcobol feems extremely proper 4 the 
purpofe. 

This operation is one of the moft extraordi- 
nary in chemiftry. We muft examine whence 
procced the difengaged carbonic acid and the 
inflammable liquor produced, and in what man- 
ner a fweet vegetable oxyd becomes thus con- 
verted into two fuch oppofite fubftances, where- 
of one is combuftible, and the other eminently 
the contrary. To folve thefe two queftions, it 
is neceflary to be previoufly acquainted with the 
analyfis of the fermentable fubftance, and of the 
produéts of the fermentation. 

Vox. I. k We 


confantly, contains fome alcohol, befides a confiderable 
quantity of :aqueous gas or water, in folutions The latter 

does not. affeét its purity; the former does fo in fome 
 degreeT. 
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We may lay it down as an inconteftible 
axiom, that, in all the operations of art and 
nature, nothing is created ; an equal quantity 
of matter exifts both before and after the expe- 
riment; the quality and quantity of the ele- 
ments remain precifely the fame : and nothing 
takes place beyond changes and modifications 
in the combinations of thefe elements. Upon 
this principle, the whole art of performing che- 
mical experiments depends: We muft always 
fuppole an exact quality between the elements 
of the body examined, and thofe of the produéts 
of its analyfis. | 

Hence, fince from muft of grapes we procure 
alcohol and carbonic acid, I have undoubted 
right to fuppofe that muft confifts of carbonic 
acid and of alcohol *. From thefe premifes, we 
have two methods of afcertaining what pañles 
during vinous fermentation: Either by deter- 
mining the nature of, and the elements which 
compofe, the fermentable fubftances ; or by ac- 
curately examining the produéts refulting from 
fermentation; and it is evident that the know- 

ledge 
+ 

#* In this aflertion the confequences do not ftri&tly fol- 
low from the premifes ; becaufe from the muft of grapes 
we procure carbonic acid and alcohol, it is a neceflary con- 
fequence that the original muft contains the conftituent 
elements of carbonic acid and of alcohol, but not that 
thefe produéts of fermentation are already tormed.—T. 


\ 
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ledge of either of thefe muft lead to aecurate 
conclufions concerning the nature and compo- 
fition of the other. From thefe confiderations, 
it became neceflary accurately to determine the 
conftituent elements of the fermentable fubftan- 
ces ; and, for this purpofe, I did not make ufe 
of the compound juices of fruits, the rigorous 
analyfis of which is perhaps impoflible, but made 
choice of fugar, which is eafily analyzed, and 
the nature of which I have already explained. 
This fubftance is a true vegetable oxyd with 
two bafes, compofed of hydrogen and carbon, 
brought to the ftate of an oxyd, by means of a 
certain proportion of oxygen; and thefe three 
elements are combined in fuch a way, that a 
very flight force is fufficient to deftroy the e- 
quilibrium of their connection. By a long train 
of experiments, made in various ways, and of- 
ten repeated, I afcertained that the proportion in 
which thefe ingredients exift in fugar, are near- 
ly 8 parts of hydrogen, 64 parts of oxygen, and 


.28 parts of carbon, all by weight, forming 100 
parts of fugar. 


Sugar muft be mixed with about four times 
its weight of water, to render it fufceptible 
of fermentation; and even then the equili- 
brium of its elements would remain undifturb- 
ed, without the afliftance of fome fubftance 
to give a commencement to the fermenta- 

Le) tion. 
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tion #;- This is accomplifhed by means of a 
little-yeaft: from beer; and, when the fermenta- 
tion is once excited, it continués ofitfelf until 
completed. I fhall, in another place, give an ac- 
count of the effeéts of yeañt, and other ferments, 
upon fermentable fubftances. I have ufually 
employed ro Zbs. of yeaft, in the ftate of pañte, 
for each 100 lbs. of fugar, with as much water 
ag is four timesthe weight ofthe fugar. I fhall 
give the refults of my experiments exactly as 
they were obtained, preferving even the fractions 
produced by calculation. 


TABLE 


# This is not ftrily true ; for, efpecially in warm Wea- 
ther, all fyrups are apt to run into fermentation, unlefs 
very rich of, the fugar, and carefully preferved, At the 
fame time, this fpontaneous fermentation is not fo regular 
as when aflifted by yeaît, and is apt to become in part 
acetous, before completing the vinou#lprocefs.—T. 
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Ta8Le 1. Materials of Fermentation *. 


Zibs. 

Water _ _ _ 400, 

Sugar — 100. 
Yeaft, in vid, 10 1, PRE j Water - 7:2391493 
compofed of Dry Yeait -.  2.7608507 





mess 


Total, 510 Zbs. 


Tage If. Conffituent Elements of the Materials 


of Fermentation. 
Zibs. 
407:2301493 &bs. of water, ( Hydrogen 6G1.0858724 
compofed of Oxygen 346.1532769 


Hydrogen 6. 
100 Zbs. fugar, compofed of À Os 64. 
Carbon 28. 


[ Hydrogen .2900716 

2 HÉdB 57 libs. of dry yeaft, | Oxygen 1.6437457 
compofed of } Carbon 7876519 
CAzot 0393815 











Total weight 510. Xbs. é 


Ps Ç Tage 


* The quentities in the original are exprefled in the 
common divifons of the Paris pound, but, to render the 
refults more generally ufeful to the Englifh reader, they 
are all here reduced to decimals, which anfwer equally 
for any pound.—T. 
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+ 


Tasce IL. Recapitulation of thefe Elements. 


| lbs. 
f of the water 340- w 
& { of the water Lbs. 
à] in the yeaft 6.1532769 p411. 7970226 
ä | of the fugar 64: | 


Lof the dry yeaft 1.0437457 J 


a f of the water 60. 1 
60 | of the water | 
£ d inthe yeaft 1.0858724 ï 69.3759440 
> | of the fugar 8. 
& Lof the dry yeatt 0.2900716 } 
- of the rs 28. 
D 84% the yeait 0.7876519 28.787659 
Azot of the yeaft _ _ 0.0393815 





Inall çro. Zbs. 
È 


Having thus accurately determined the na- 
ture and quantity of the conftituent elements 
of the materials fubmitted to fermentation, we 
have next to examine the produéts refulting 
from that procefs. # For this purpofe, I placed 
the above 510. lbs. of fermentable liquor in a 
proper * apparatus, by means of which I could 
accurately determine the quantity and quality 
of gas difengaged during the fermentation, and 

could 


* The above apparatus is defcribed in the Third Part. 
2%. Qi + 
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could even weigh every one of the produéts fe. 
parately, at any period of the procefs I judged 
proper. 

An hour or two after the fubfiances are mixed 
together, efpecially if they are kept in a tem- 
perature of from 66° to 73° of the thermome- 
ter, the firft marks of fermentation commence ; 
the liquor turns thick and frothy, little globules 
of air are difengaged, which rile and burit at 
the furface; the quantity of thefe globules 
quickly increafes, and there is a rapid and abun- 
dant production of very pure carbonic acid, ac- 
companied with a fcum, which is the yeaft fe- 
parating from the mixture. After fome days, 
lefs or more, according to the degree of heat, 
the inteftine motion and difengagement of gas 
diminifh ; but thefe do not ceafe entirely, nor 
is the fermentation completed for a confiderable 
time. During the procefs, 35.3458116 Zibs. of 
dry carbonic acid are difengaged, which carry a- 
long with them 13.914062 libr. of water. There 
‘ remains in the veflel 460.7401259 dibs. of vinous 
liquor, flightly acidulous. This is at firft muddy, 
but clears of itfelf, and depoñfites a portion of 
-yeaft. When we feparately analyze all thefe fub- 
ftances, which is effeted by very troublefome 
procefles, we have the refults as given in the 
following Tables. This procefs, with all the 
fubordinate calculations and analyzes,will be de- 


tailed at large in the Memoirs of the Academy. 
P 4 TABLE 
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TasLe IV. Products of Fermentation. 


F libs. 
35:3458116 lbs. Rs [oxygen - 25:4490017 
OR 
{ 
408.9780816 Abs. of water, {Oxygen — 347.6314019 
compofed of L'Hydrogen _ 61.346697 
Ç Oxygen,combined 


1 with hydrogen 31.3897570 
Hydrogen, combi- 

ned with oxygen 5.5393889 

ydrogen, combi- 

ned with carbon 4.0390625 

pen combined 


57.7016059 Zibs. of dry al- 
‘ cohol, compo- 4 H 
fed of 


with hydrogen 16.7333984 
25000090 hbs. of dry ace- f Hydrogen , — C.1562500) 
tous acid, com- 4 Oxygen - 1.7187500h 

pofed of Carbon e 0:62 500001 

40940755 bs. ofrefiduum (Hydrogen —  c.32 75825; 
of fugar, com- 4 Oxygen  — 2.6201172: 
pofed of CCarbon _ 1.1463758) 

| Hydrogen  — 0.14507383 
1.380424 lbs. of dry yeait, Oxygen _ 0.8218317] 
compofed of Carbon - 0.39388022 

L'Azot 5 0.0196397 

sro Ab. 510 Zbs. 


Tasze 
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02 


Tasze V.  Recapitulation of the Produëts. 


Zibs. 
f Water _ 347-6314019 


409.6308595 Lbs. of oxygen | Carbonic acid — 25.4490017 


. "1 Alcohol — 31:3897570 
cragacs 7 Acetous acid —  1:7187500 
te | Refiduumoffugar 26201172 

LYeaft — — 08218317 


fCarbonic acid —  9.8968099 


; ! | Alcohol = 16.7333084 
28.7954643 ER qu Acetous acid —. 0.6250000 
Le. Refiduumof fugar 1.1463758 
L'Yeaft —. — o0.3938802 
Water, — — 61.346697 

| Water of the alco- 
 hol = = 5.5398889 


LYS STEP _. | Combined with the 
71:5549365 sig ie hits carbon of the al- 


: cohol _ 4.0300625 
she | Acetous acid —  ©:1562500 
| Refiduumof fugar o0.3275825 
LYeatt _ — 0.1450738 
0.019639 Zbs. of azot in the yeaft - 0.0196397 
À sro Lbs. 510 lbs. 


In the calculation of thefe refults, I have 
been exact even to minutenefs : Not that it üs 
poflible, in experiments of this nature, to carry 
our accuracy fo far; but as the experiments 
«were made only with a few pounds of fugar, and 
as, for the fake of comparifon, I reduced the 
refults of the real experiments to the quintal, 


or 
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or imaginary hundred pounds, 1 thought it ne« 
ceflary to leave the fraétional parts precifely as 
produced by calculation. 

When we confider the refults prefented by 
thefe tables with attention, it is eafy to difcover 
exactly what occurs during fermentation. In 
the firft place, out of the 100 br. of fugar em- 
_ployed, 4.094075 lbs. remain, without having 
fuffered decompofition :'fo that, in reality, we 
have only operated upon 95.9059245 lbs. of 
fugar ; that is to fay, upon 61.37979168 lbs. 
of oxygen, 7.67247306 libs. of hydrogen, and 
26.83363886 libs. of carbon. By comparing 
thefe quantities, we find that they are fully fuf- 
ficient for forming the whole of the alcohol, car- 
bonic acid, and acetous acid, produced by the 
fermentation. It is not, therefore, neceflary to 
fuppole that any water has been decompofed du- 
ring the experiment, unlefs it be pretended that 
the oxygen and hydrogen exift in the fugar al- 
ready combined in that form. On the contrary, 
I have already made it evident that hydrogen, 
oxygen, and carbon, the three conftituent ele- 
ments of vegetable fubftances, remain in a ftate 
of equilibrium, or mutual union with each 
other, which fubfifts fo long as this union re- 
mains undifturbed by increafed temperature, or 
by means of fome new compound attraction à 


and that then only thefe elements combine, 
two 
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two and two together, to form water and carbos 
nic acid. 

The effeAs of the vinous fermentation upon 
fugar 1s thus reduced to the mere féparation ot 
its elements into two portions ; one part is oxyÿ- 
genated st the expence of the other, fo as to 
form carbonic acid, while the other part, being 
difoxygenated in favour of the former, is con- 
verted into the combuftible fubftance called al- 
cohol ; therefore, if it were poflible to re-unite 
alcohol and carbonic acid together, we ought 
to form fugar. It is evident that the carbon 
and hydrogen in.the alcohol do not exift in the 
ftate of oil, but that they are combined with a 
portion of oxygen, which renders them mifci- 
bie with water ; wherefore thefe three fubftan- 
ces, oxygen, hydrogen, and carbon, exift here 
likewife in a fpecies of equilibrium, or recipro- 
cal combination ; and, in fa@, when they are 
made to pafs through a red-hot tube of glafs or 
porcelain, this union or equilibrium is deftroyed ; 
thefe elements become recombined two and two, 
and water and carbonic acid are formed. 

I had formerly advanced, in my firft Me- 
moirs upon the formation of water, that it was 
decompofed in a great number of chemical ex- 
periments,. and particularly during the vinous 
fermentation. I then fuppofed that water exiit- 
ed ready formed in fugar, though 1 am now con- 
vinced that fugar only contains the elements 


proper 


236 ELEMENTS 
proper for compofing it. It may be readily con- 
ceived, that it muft have coft me a good deal to 
abandon my firft notions ; but by feveral years 
reflection, and after a great number of experi- 
ments and obfervations upon vegetable fubftan- 
ces, I have fixed my ideas as above. 

1 fhall finifh what 1 have to fay upon vinous 
fermentation, by obferving, that it furnifhes us 
with the means of analyzing fugar and every 
vegetable fermentable matter. We may con- 
fider the fubftances fubmitted to fermentation, 
and the produds refulting from that operation, 
as forming an algebraic equation ; and, by fuc- 
ceflively fuppofing each of the elements in this 
equation unknown, we can calculate their values 
in fucceffion, and thus verify our experiments by 
calculations, and our calculations by experiment, 
reciprocally. 1 have often fuccefsfully employ- 
ed this method for correéting the firft refults 
of my experiments, and to direét me in the pro- 
per road for repeating them to advantage. Ï 
have explained myfelf more at large upon this 
fubjet, in a Memoir upon vinous fermentation 
atready prefented to the Academy, and which 
will fpeedily be publifhed. 


CH AP. 
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CHAP+ XIV. 


Of the Putrefaitive Fermentation. 


HE phenomena of putrefaction are caufed, 

like thofe of vinous fermentation, by. the 
operation. of extremely complicated affinities. 
The conftituent elements of the bodies which 
are fubmitted to this procefs, ceafe to continue 
in equilibrium, in their. original threefold com- 
bination, and form themfelves anew into binary 
combinations *, or compounds, confifting of two 
elements only ; but thefe are entirely different 
from the refults produced. by the vinous fer- 
mentation. Inftead of part, of the hydrogen 
remaining united. with part of the water and 
carbon to form alcohol, as in the vinous fer- 
mentation, the whole of the hydrogen is diffi- 
pated, during putrefaction, in the. form of hy- 
drogen gas; while, at the fame time, the oxy- 
gen and carbon, uniting with caloric, efcape in 
the form of carbonic acid ; fo that, when the 
whole procefs is finifhed, efpecially if the #ma- 
terials 


* Binary combinationghare fuch as confift of two fimple 
elements combined together. Ternary, and quaternary, 
confift of three and of four elements.—T. 
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terials have been mixed with a fufficient quan- 
tity of water, nothing remains but the earth of 
the vegetable, mixed with a fmall portion of 
charcoal and iron. Thus, putrefaction is no- 
thing more than a complete analyfis of vege- 
table fubftance ; during which the whole of the 
conftituent elements is difengaged in form of gas, 
except the earth, which remains in the ftate of 
mould *. 

Such is the refult of putrefaétion, when the 
fubftances fubmitted to it contain only oxygen, 
hydrogen, carbon, and a little earth. But this 
cafe is rare, and thefe fubftances putrefy imper- 
fe&ly and with difficulty, and require a confi- 
derable time to complete their putrefa&tion. It 
is otherwife with fubftances containing azot, 
which indeed exifts in all animal matters, and 
even in a confiderable number of vegetable fub- 
ftances. This additional element is remark- 
ably favourable to putrefaétion ; and for this 
reafon, animal matter is mixed with vegetable, 
when the putrefaétion of thele is wifhed to be 
haftened. ‘The whole art of forming compoñts 
and dunghills, for the purpofes of agriculture, 
confifts in the proper application of this admix- 


ture. 
dé The 


# In the Third Part will be given the defcription of an 
apparatus proper for being ufed in experiments of this 


kind.—A. 
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The addition of azot to the materials of pu- 
trefation not only accelerates the procefs, but 
that element likewife combines with part of the 
hydrogen, and forms a new fubftance, called v0- 
latile alkal, ox ammoniac. The refults obtain- 
ed by analyzing animal matters, by different 
proceffes, leave no room for doubt with regard 
to the conftituent elements of ammoniac; for, 
whenever the azot has been previoufly féparated 
from thefe fubftances, no ammoniac is produced, 
and in ail cafes they furnifh ammoniac only in 
proportion to the azot they contain. ‘This com- 
pofition of ammoniac is Likewife fully proved by 
Mr Berthollet, in the Memoirs of the Academy 
for 17981, p. 316. where he gives a variety of 
analytical procefles by which ammoniac is de- 
compofed, and its two elements, azot and hydro- 
gen, procured feparately. 

I have already mentioned, in Chap. X. that 
almoft all combuftible bodies are capable of 
being combined with each other: Hydrogen gas 
poflefles this quality, of combining with other 


‘combuitible fubftances, in an eminent degree: 


It diflolves carbon, fulphur, and phofphorus, 
producing the compounds named corbonated hy- 
drogen gas, fulphuraied bydrogen gs, and phof- 
phorated hydrogen gas. The two latter of thefe 
gafes have a peculiarly difagreeable flavour ; 
the fulphurated hydrogen gas has a ftrong re- 
femblance to the fimell of rotten eggs; and the 

phofphorated 
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pholfphorated fmells exa@ly like putrid .fifh. 
Ammoniac has likewife.a peculiar odour, not 
lefs penetrating or lefs difagreeable than thefe 
other gafes.. From the mixture of thefe differ- 
ent flavours, proceeds the fetor which always ac- 
companies the. putrefaétion of animal fubftan- 
ces. _Sometimes the ammoniac predominates, 
which is eafily perceived by its fharpnefs upon 
the eyes; fometimes, as/in feculent matters, the 
fulphurated gas is moft prevalent ; and fome- 
times, as in putrid herrings, the phofphorated 
hydrogen gas is moft abundant. 

‘I long fuppofed that nothing could derange 
or. interrupt the courfe of putrefaétion ; but 
Mr Fourcroy and Mr Thouret have obferved 
fome pecuhiar phenomena: in dead bodies, bu- 
ried at a certain depth, and preferved to a cer- 
tain degree, from contact with!,air ; having 
found the mufcular flefh frequentlÿ converted 
into true animal fat #. This muft have arifen 
from the difengagement, by fome unknown 
caufe, of the azot, naturally contained in the 
animal fubftance, leaving only the hydrogen 
and carbon remaining, which are the elements 
proper for producing fat or oil. This obferva- 

tion, 


* This procefs has been lately imitated artificially ; and 
the fatty fubflance, exatly fimilar in all refpeéts to fper- 
maceti, can be rendily made frôm the flefh or mufcular 
parts of all'animal bodies.—T, 


# 
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tion, on the poflibility of converting animal fub- 
ftances into fat, may fome time or other lead to 
difcoveries of great importance to fociety. The 
fæces of animals, and other excrementitious 
matters, are chiefly compoled of carbon and 
hydrogen, and approach confiderably to the na- 
ture of oii, of which they furnifh a confiderable 
quantity by diftillation with a naked fire; but 
the intolerable fœtor, which accompauies all 
the produéts of thefe fubftances, prevents our 
expecting that, at leaft for a long time, they can 
be rendered ufeful in any other way than as 
manures. 

I have only given conjetural approximations 
in this chapter, upon the compofition of animal 
fubftances, which is hitherto imperfectly under- 
ftood. We know that they are compofed of hy- 
drogen, carbon, azot, phofphorus, and fulphur, 
all of which, in a ftate of quintuple combina- 
tion, are brought to the ftate of oxyd by a larger 
or fmaller quantity of oxygen. We are, how- 
. ever, ftill unacquainted with the proportions in 
which thefe fubftances are combined, and muft 
leave it to time to complete this part of chemi- 
cal analyfis, as it has already done with feveral 
others. 


Vo. I. Q CH AP. 
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CHAP,., XVe 


Of tbe Acetous Fermentation. 


HE acetous fermentation is nothing more 
than the acidification or oxygenation of 
wine *, produced in the open air, by means of 
the abforption of oxygen. The refulting acid 
is the acetous acid, commonly called Vimegar, 
which is compofed of hydrogen and carbon 
uñited together in proportions not yet afcertain- 
ed, and changed into the acid ftate by oxygen. 
As viñegär is  än acid, we might conclude from 
analogy, that ît contains oxygen, but this is 
put beyond doubt by direct experiments: In 
 the:firit place, we cannot change wine into vine- 
gar without the contact of air containing oxy- 
gen ; fecondly, this procefs is accompanied by 
a diminution of the volume of the air in which 
it'is carried on, from the ablorption of its oxy- 
gen; and thirdly, wine may be changed into 

vinegar, by any other means of oxygenation. - 
Independent 


* The word Witie, in this chapter, is ufed to fignify the 
liquor produced by the vinous fermentation, whatever ve- 
getabie fubflance may have been ufed for ebtaining it.—T, 
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Independent of the proofs which thefe facts 
furnifh of the acetous: acid being produced by 
the oxygenation of wine,,an experiment made 
by Mr Chaptel, Profeflor of Chemiftry at Mont- 
pellier, gives a diftinét viéw of what takes place 
in this procefs. He impregnated fome water : 
with about its own bulk of carbonic acid from 
fermenting beer, and placed this water in a 
cellar, in veffels communicating with the air, 
and in a fhort time the whole was converted in- 
to acetous acid. This carbonic acid gas, pro- 
cured from beer vats in fermentation, is not 
perfe“tly pure, but contains a great quantity of 
alcohol in:folution, wherefore water impregna- 
ted with it contains all the materials neceffary 
for forming the acetous acid. The alcohol fur- 
nifhes hydrogen and one portion of carbon; the 
carbonic acid furnifhes oxygen and the reft of 
the carbon ; and the air of the atmofphere fur- 
nifhes the teft of the oxygen neceflary for chan- 
ging the mixture into acetous acid. From this 
.obfervation\it follows, that nothing but hydro- 
_gen.is wanting to convert carbonic acid into ace- 
tous acid; or, more generally, that, by means 
of hydrogen, and according to the degree of 
oxygenation, carbonic acid may be changed in- 
to all the vegetable acids ; and, on the contrary, 
that, by depriving any of the vegetable acids of 
their hydrogen, they may be converted into 
carbonic acid. : 

Q 2 Although 
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Although the principal fa&s relating to the 
acetous acid are well known, yet numerical pre- 
cifion is fil wanting, until furnifhed by more 
exa@ experiments than any hitherto perform- 
ed; wherefore 1 fhall not enlarge any farther 
upon the fubjeét. It is fufficiently fhewn by 
what has been faid, that the conftitution of all 
the vegetable acids and éxyds is exactly con- 
formable to the formation of vinegar; but far- 
ther experiments are neceffary to teach us the 
proportien of the conftituent elements in all 
thefe acids and oxyds We may eafly per- 
ceive, however, that this part of chemiftry, like 
all the reft of its divifions, makes rapid progrefs 
towards perfeétion, and that it is already ren- 
dered greatly more fimple than was formerly be- 
lieved. 


\ 
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CHAP. XVI. 


Of the Formation of Neutral Salts, and of their 
different Bafes. 


E have juft feen, that all the oxyds and 

acids from the animal and vegetable 
kingdoms are formed from a fmall number of 
fimple elements, by means of combination with 
oxygen, or at leaft from fuch bodies as have not 
hitherto been fufceptible of decompoñition, and 
which muft therefore be confidered as fimple 
fubftances, in the prefent ftate of our knowledge ; 
thefe are azot, fulphur, phofphorus, carbon, hy- 
drogen, and the muriatic radical. We may 
juftly admire the fimplicity of the means em- 
ployed by nature to multiply qualities and forms, 
whether by combining three or four acidifiable 
. bafes in different proportions, or by altering the 


Q 3 dofe 


* Jhave not ventured to omit this element, as here 
enumerated with the other principles of animal and ve- 
getable fubftances, though it is not at all taken notice of 
in the preceding chapters as entering into the compofition 
of thefe bodies. It has been already mentioned, in a 
former note, that the muriatic radical is fufpeéted to be 
hydrogen.—"T. 
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dofe of oxygen employed for oxydating or aci- 
difying them. We fhall find the means no lefs 
fimple and diverfified, and as abundantly pro- 
dudive of forms and qualities, in the order of 

bodies we are now about to treat of. 
Acidifiable fubftances, by combining with 
oxygen, and their confequent converfion into 
acids, acquire a great fufceptibility for farther 
combination ; they become capable-of uniting 
with alkaline; earthy, and metallic bodies, by 
which means neutral falts are formed, Acids 
may therefore be confidered as true /4/fying prin- 
ciples, and the fubftances with which they unite 
to form neutral falts may be called /a/ifiable 
bafes: The nature of the union which thefe two 
principles form with each other 1s meant as the 

fubjeét of the prefent chapter. FALIE 
‘:: The’ forepoing view :of the acids prevents 
them from being confidered as falts, though 
they are pofleffed of many of the principal pro- 
perties of faline “bodies, as folubility in water, 
&c. Itis already obferved, that they are the 
refults of a firft order of combination, being 
compoled of two fimple elements, or at.leaft of 
elements which aët'as if they were fimple, and 
they may therefore be ranked, to-ufe the lan- 
guage of Stabhl, in the order of mixts. The 
neutral falts, on the contrary, are of a feconda- 
ry order of combination, being formed by the 
union.of two #ixés with each other, and may 
therefore 
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therefore be termed compounds. : Hence I fhall 
not arrange the alkaliés * ortearths in the clafs 
of falts, to which I allot only fuich:as ire com- 
pofed of an oxygenated DATES united to a fa- 
lifiable bafe, 

T have already enlargedi fuiciently upon the 
formation of acids in the preceding chapter, and 
fhall not add any thing farther upon that fub- 
je ; but having as yet taken no notice of the 
falifiable bafes which are capable of: uniting 
with them to form neutral falts, 1 mean, in this 
chapter, to give an account of the nature and. 
origin of each of thefe bafes.  Théfe are potafh, 
foda, ammoniac, lime, magnefña, barytes, argil f, 
and all the metallic bodies. 


$r. Of Potafh. 


We. have already fhewn, that when a yege- 
table fubftance is fubmitted to the aétion of fire 


Q 4 sd. n 


* Perhaps thus reje@ing the alkalies from the clafs of 
falts may be confidered as a capital defeét in the method 
here adopted, and I an ready to admit the charge ; but 
this inconvenience is compenfated by fo many advanta- 
ges, that I could not think it of fufficient confequence to 
make me alter my plan.—A. 

+ Called Alumine by Mr Lavoifier: but as Argil has 
been in a manner naturalized:to the language for this fub- 
ftance by Mr Kirwan, I hav&ventured to ule it in prefe- 
rence.—T, 
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in diftilling veffels, its component elements, oxy- 
gen, hydrogen, and carbon, which formed a 
threefold combination in a ftate of equilibrium, 
unite two and two, in obedience to affinities 
which act conformable to the degree of heat 
employed. Thus, at the firft application of the 
fire, whenever the heat produced exceeds the 
temperature of boiling water, part of the oxy- 
gen and hydrogen unite to form water; foon 
after, the reft of the hydrogen and part of the 
carbon combine into oil ; and, laftly, when the 
fire is pufhed to the red heat, the oil and wa- 
ter, which had been formed in the early part 
of the procefs, become again decompofed, the 
oxygen and part of the carbon unite to form 
carbonic acid, a large quantity of hydrogen gas 
is fet free, and nothing but charcoal remains in 
the retort. e 
À great part of thefe phenomena occur du- 
ring the combuftion of vegetables in the open 
air ; but, in this cafe, the prefence of the air 
introduces three new fubftances, the oxygen 
and azot of the air, and caloric, and, of thefe, 
two at leaft produce confiderable changes in the 
refults of the operation. In proportion as the 
hydrogen of the vegetable, or that which a- 
rifes from the decompofition of the water, is 
forced out in the form of hydrogen gas by the 
progrefs of the fire, it is fet on fire immediately 
upon getting into contaét with the air, water is 
again formed, and the greater part of the calo- 
ric 
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ric of the two gafes becoming free produces 
flame. When all the hydrogen gas is driven 
out, burnt, and again reduced to water, the re- 
maining carbon continues to burn, but without 
flame ; it is formed into carbonic acid, which 
carries off a portion of caoric fufficient to give 
it the gafeous form; the reft of the caloric, 
from the oxygen of the air, being fet free, pro- 
duces the -heat and light obferved during the 
combuftion of the carbon. The whole vegetable 
is thus reduced to water and carbonic acid, and 
nothing remains but a {mall portion of grey ear- 
thy matter called afhes, being the only really 
fixed principles which enter into the conftitu- 
tion of vegetables. 

The earth, or rather afhes, which feldom ex- 
ceeds a twentieth part of the weight of the ve- 
getable, cofitains a fubftance of a particular na- 
ture, known under the name of fixed vege- 
table alkali, or potafh. To obtain this, water is 
poured upon the afhes, which diflolves the pot- 
afh, and leaves the afhes which are infoluble ; 
by afterwards evaporating the water, we obtain 
the potafh in a white concrete form : It is very 
fixed even in a very high degree of heat. I 
do not mean here to defcribe the art of prepa- 
ring potafh, or the method of procuring it in 
a ftate of purity, but have entered into the 
above detail merelÿ that I might not ufe any 
word, not previoufly explained. 


The 
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The potafh obtained by this procefs, is always 
lefs or more faturated with carbonic acid, which 
is eafñily accounted for : As the potafh does not 
form, or at leafl is not fet free, but in propor- 
tion as the carbon of the vegetable is converted 
into carbonic acid by the addition of oxygen, 
either from the air or the water, it follows, that 
each particle of potafh, at the inftant of its for- 
mation, or at leaft of its liberation, is in contact 
with a particle of carbonic acid, and as there is 
a confiderable affinity between thefe two:fub- 
ftances, they naturally combine together. : Al- 
though the carbonic acid has lefs affinity with 
potafh than any other acid, yet it is difficult to 
feparate the laft portions from it. The moft 
ufual method of äccomplifhing this is to diflolve 
the potafh in water; to this folution two or 
three times its weight of quicklime ‘re added, 
then the liquor is filtrated, and evaporated in 
clofe veffels; the faline fubftance left by the 
evaporation is potafh almoît entirely deprived of 
carbonic acid. In this ftate it is foluble in ‘an 
equal weight of water, and even attraéts the 
moifture of the air with great avidity ; by this 
property it furnifhes us with an excellent means 
of rendering air or gas dry by expofing them to 
its action. In this ftate, it is foluble in alco- 
hol, though not when combined with carbonic 
acid ; and Mr Berthollet employs this property 
as a method of procuring potafh in the flate of 
perfect purity. 

AI 
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:AIL vegetables yield Lefs or more of potafh in 
confequence of combuñtion, but it. is furnifhed 
in various degrees of purity by different vege- 
tables ; ufually, indeed, from whatever fource 
it be procured, it is mixed with different falts, 
from which, however, it is eafily feparable. We 
can hardly entertain a doubt, that the afhes, or 
earth, which. is left by vegetables in combuftion, 
pre-exifted in them before they were burnt, 
forming what may be called the fkeleton, or 
offeous part of the vegetable. . But it is quite 
otherwife with potafh: this fubftance has never 
yet been procured from vegetables but by means 
of proceffes or intermedia capable of furnifhing 
oxygen and azot, fuch as combuftion, or by 
means of nitric-acid ; fo that it is not yet demon- 
ftrated that potalh may not be a produce from 
thefe operations. I have begun a feries of expe- 
riments upon this fubject, and hope foon to be 
able to give an account of their refults. 


4 2 Of Soda. 


Soda, like potafh, is an alkali procured by 
Lxiviation from the afhes of burnt plants, but 
only from thofe which grow upon the fea-fide, 
and efpecially from the herb £a, whence is de. 
rived the name a/kali, given to this fubftance 
by the Arabians. It has fome properties in 
common with potafh, and others which are en- 
tirely différent : In general, thefe two fubftan: 
ces have peculiar charaéters in their {aline com- 

binations, 
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binations, which are proper to each, and confe- 
quently diftinguifh them from each other : thus 
foda, which, as obtained from marine plants, is 
ufually entirely faturated with carbonic acid, 
does not attraét the humidity of the atmofphere 
like potafh, but, on the contrary, it deficcates, 
its cryftals efflorefce, and are converted into a 
white powder having all the properties of foda, 
which it really is, having only loft its water of 
cryftallization. 

Hitherto we are not better acquainted with 
the conftituent elements of foda than with thofe 
of potafh, being equally uncertain whether it 
previoufly exifted ready formed in the vegetable, 
or ifit be a combination of elements effe&ted by 
combuftion. Analogy leads us to iufpeét, that 
azot is a conftituent element of all the alkalies, 
as is the cafe with ammoniac ; but we have only 
flight prefumptions, unconfirmed by any decifive 
experiments, refpecting the compofition of pot- 
afh and foda *. 


$ 3 


# There are fome experiments related in the Tranfac- 
tions of the Turin Academy, which give reafon for fup- 
pofing that foda is a modification of magnefia : This latter 
fubftance, according to the experiments detailed by Baron 
Born, and mentioned in the additional feétion of this chap- 
ter, feems to be a metallic oxyd. From analogy we may 
prefume, that potafh is likewife a metallic fubftance, in 
fome hitherto unknown ftate of combination. We fhall 
thus exclude all the alkalies from the clafs of fimple ele- 
mentary fubftances.—T,, 
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Ÿ 3. Of Ammoniac. 


We have, however, very accurate knowledge 
of the compofition of ammoniac or volatile al- 
kali, as it is called by the old chemifts. Mr 
Berthollet, in the Memoirs of the Academy for 
1784, p. 316. has proved by analyfis, that 1000 
parts of this fubftance confift of about 807 parts 
of azot combined with 193 parts of hydrogen, 

Ammoniac is chiefly procurable from animal 
fubftances by diftillation, during which procefs 
the azot and hydrogen neceflary to its forma- 
tion unite in proper proportions ; it is not, how- 
ever, procured pure by this procefs, being mix- 
ed with oil and water, and moftly faturated with 
carbonic acid. To feparate thefe fubftances, it 
is firft combined with an acid, the muriatic for 
inftance, and then difengaged from that com- 
bination by the addition of lime or potafh. 
When ammoniac is thus produced in its greateft 
degree of purity, it can only exift under the 
gafeous form, at leaft in the ufual temperature of 
the atmofphere ; it has an exceflivelÿ penetrating 
fmell ; it is abforbed in large quantities by water, 
efpecially if cold, and aflifted by compreffion. 
Water thus faturated with ammoniac has ufual- 
ly been termed volatile alkaline fluor ; we fhall 
call it either fimply ammoniac, or liquid ammo- 

niac, 


254 ELEMENTS’ 


niac, and ammoniacal gas when it exifts in the 
aëriform ftate *. 


$ 4. Of Lime, Magnefia, Barytes, Argil, Stron- 
cites, Zircon, Glucine, Yttria, and Agufline. 


The compofition of thefe earths is totally 
unknown, and until, by new difcoveries, their 
conftituent elements are afcertained, we are cer- 
tainly authorifed to confider them as fimple bo- 
dies.. Art has no fhare in the produétion of 
thefe earths, as they are all procured ready 
formed from nature ; but, as they have all, efpe- 
cially the three firft, great tendency to com- 
bination, they are never found pure. Lime is 
ufually faturated with carbonic acid in the ftate 
‘of chalk, calcareous fpars, moft of the marbles, 
&c. ; fometimes with fulphuric acid, as in gypfum 
and plafter fones; at other times with fluoric 
acid forming vitreous or fluor fpars ; and, laftly, 
it is found in the waters of the fea, and of faline 

fprings, 


* The nomenclature of the alkalies propofed by Dr Black 
feems better than that adopted by Mr Lavoïfer and the 
French chemilts. Lixa, trona, and ammona, are equally 
convenient for ufe as potaffa or potafh, foda, and ammo- 
niac, and they are not fo apt to lead into miftakes ; for the 
words of the new French chemical nomenclature have too 
much refemblance to old terms ufed for very different fub- 
ftances, or at leaft for very different ftates, in a chemical 
light, of the fame fubftances.—T, 
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fprings, combined with muriatic acid. Of all 
the falifiable bafes, it is the moft uuiverfally 
fpread through nature. : | 

Magnefia is found in mineral waters, for the: 
moft part combined with fulphuric acid ; it is 
likewile abundant in fea-water, united with mu- 
riatic acid ; and it exifts in a great number of 
ftones of different kinds. | 

Barytes is much lefs common than the two 
preceding earths; it is found in the mineral 
kingdom, combined with fulphuric acid, forming 
heavy fpars, and fometimes, though rarely, uni- 
ted to carbonic acid. 

Argil, or the bafe of alum, having lefs ten- 
dency to combination with the other earths, is. 
often found in the fate of argil, uncombined 
with any acid. It is chiefiy procurable from 
clays, of which, properly fpeaking, it is the bafe, 
or chief ingredient #, 

‘“ On the 4th of November 1793, Dr Hope, 
now Profeflor cf Chemiftry in the Univerfty 
-0f Edinburgh, read to the Royal Societÿ of 
Edinburgh, a very elaborate analyfis of a non-. 
defcript mineral from the mines of Strontian in 
Argylefhire ; to which, from its place and ftruc- 
ture, he gives the name of Sirontitic-fpar ; and 

which 


* For reafons fimilar to thofe given in the preceding 
note, Dr Black propofed to name thefe four fimple earths, 
Calce, Magneña, Baryta and Arga.—T, 
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which he finds to confift of peculiar earth, hi- 
therto undifcovered in any other mineral body, 
combined with carbonic acid. Tothis earth he 
has afligned the name of Strontites, which agrees 
very well with the new nomenclature ; only that, 
perhaps, Strontita would have been more regular, 
for the reafons mentioned in the two preceding 
notes. . In this elementary treatife, a detailed ac- 
count of this important difcovery cannot be gi- 
ven; for which the reader is referred to the 
Tranfactions of the Royal Society of Edinburgh. 
Strontites has a pungent acrid tafte ; is foluble 
both in hot and cold water, but much more fo in 
hot, from which it cryftallizes in cooling; its cold 
folutions attract carbonic acid from the atmo- 
fphere, form a cruft of carbonate of Strontites on 
the furface, which breaks and falls to the bottom, 
exactly as in lime, and is rediflolved by an ex- 
cefs ofacid. Strontites combines with the various 
acids, forming neutral falts ; and poflefles diffe- 
rent affinities with the acids from the other known 
earths. One of its moft remarkable properties, 
both when pure and in combination with the 
acids, is that of tinging the flame of combuftible 
bodies of a deep blood red colour ; to produce 
which effet, however, fome moifture muft be 
prefent. The order of aflinities of the principal 
acids with Strontites, as determined by Dr 
Hope’s experiments, is as follows : 


Sulphuric. 
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Sulphuric. Nitric. » Acetous...; 
Oxalic. Muriatic. Arfeniac,. , 
Tartarous. Succinic. Boracic. 

Fluoric. Phofphoric. Carbonic. : 


Its order of affinities with the feveral acids, 
relative to the other falifiable bafes, {o far as af- 
certained by Dr Hope, are inferted in the refpec- 
tive tables in Part 11 *.”? | 

‘ Several new earths +, or what have been fup- 
pofed fuch, have lately been difcovered by dif- 
ferent foreign chemifts. Klaproth, in his ana- 
lyfis of the jargon, thinks he has detected a new 
earth, to which he gives the name of Zircon, 
and which conftitutes 68 hundredth parts of 
that fofil; the reft being filex, with half a part 
of iron combined with nickel. ‘Zircon is white, 
harfh, and infipid ; its fpecific gravity being to 
water as 4.300 to 1.000. Îtis infoluble in wa- 
ter, but unites into a gelatinous mafs, which be- 
comes hard and femi-tranfparent when dry. It 
does not diflolve in a folution of potafh or foda, 
even by boiling. With the blow-pipe, even 
with the alkalies, it is infufible ; but runs into a 
tranfparent colourlefs glafs with borax. With 

Voz. I. R intenfe 


* The whole of this account of Strontites, was added by 
the tranflator to the third edition.—T. 


+ This account of the new earths igadded to the pre- 
{ent edition by the tranflator.—T. 
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intenfe’ heat, it becomes vitrefcent per fe, añd is 
then extremely hard.+ It forms nentral falts 
with the acids ; and thefe are D Ar by 
all the alkalies, and bÿ heat alone. 

“ Vauquelin gives the name of Glaucine, to 
an earth which he has difcovered in the emerald 
and beryl. It is white, light, foft, infipid, and 
adheres flightly to the tongue. It is not foluble 
in water, nor fufible per Je. Itis foluble in the 
pure fixed alkalies, and in carbonat of ammo- 
nia. With moft of the acids it enters into com- 
binations, forming neutral falts of a highly fac- 
charine tafte. Its affinities with the acids are 
intermediate between thofe of magnefa and ar- 
gil.?? 

# Gadolin, in a new foffil named Ytterby, has 
detettéd a new earth, which he calls Yttria. It 
is white, fmooth, and infpid ; infoluble in theal- 
kalies ; infufible alone, but vitrifies with borax ; 
forms neutral falts with the acids, and is pre- 
cipitated by ammonia, by pruflat of potafh, and 
by éanin. Jts falts are different in tafte from 
thofe of glaucine; and, as fome of its falts are 
coloured, it'has been confidered as intermediate 
between the earths and metals.” 

& Trommfdorf, in the Saxon beryl, thinks he 
has difcovered a new earth, which he calls 4gu/- 
zine, from its falts beingtaftelefs. Îtis infoluble 
in the alkalies, éither in the humid or dry way 
of operating #infoluble in water ; but fome- 

what 
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what duétile. Ina ftrong heat it becomes very 
hard. With the acids it forms neutral falts.”” 


$s. Of Metallic Bodies. 


The metals, except gold, and fometimes fil- 
ver, are rarely found in the mineral kingdom in 
their metallic ftate, being ufually lefs or more 
faturated with oxygen, or combined with ful-. 
phur, arfenic, fulphuric acid, muriatic acid, car- 
bonic acid, or phofphoric acid. . Metallurgy, or 
the docimaftic art, teaches the means of fepara- 
ting them from thefe foreign matters; and for | 
this purpofe, we refer to fuch chemical books as 
treat upon thefe operations. 

We are probably only acquainted as yet with 
a part of the metallic fubftances exifting in na- 
ture, as all thofe which have a ftronger affinity 
to oxygen than carbon pofiefles, are incapable, 
hitherto, of being reduced to the metallic ftate, 
and confequently, being only prefented to our 
obfervation under the form of oxyds, are con- 

‘founded with earths. It is extremely probable 
that barytes, which we have: juft now arranged 
with earths, is in this fituation ; for in many ex- 
periments it exhibits properties nearly approach- 

_ ing to thofe of metallic bodies. It is even pof- 

fible that all the fubftances we call earths may 
be only metallic oxyds, irreducible by any hi- 


therto known procefs. 
A - 6 -  Thofè 
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Thofe metallic bodies we are at prefent ac- 
quainted with, and which we can reduce to the 
metallic or.reguline ftate, are the following 
feventeen. | 


Latin Names. *Englifb Names. 
1. Arfenicum + Arfenic. 
2. Molybdenum - Molybdena. 
3. Tungftenum -  ‘ Tungftein. 
4. Manganefum  - Manganefe. 
5. Nickolum . Nickel. 
6. Cobaltum - Cobalt. 
7. Bifmuthum - Bifmuth. 
8. Antimonium  - Antimony, 
0. Zincum - Zinc. 
10. Ferrum = Iron. 
T1. Stannum - Tin. 
12. Plumbum - Lead. 
13. Cuprum - Copper. 
14. Mercurium - Mercury. 
15. Argentum - Silver. 
16. Aurum . Gold. 
17. Platinum - Platina *, 


et 
* To thefe, may now be added the following new 
metals : : 


18. Barytum. 
29. Magnefium. 
20. Calcum, 
27. Uranium. | 


22. Titanium. 
23. Tellurium. 
24. Chromum. 


For which fee the immediately fubfequent Seétign, added 
entirely by the Tranflator,—T, 
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T only mean to confider thefe as falifiable bafes, 
without entering at all upon the confideration of 
their properties in the arts, and for.the ufes of 
fociety. In thefe points of view, each metal 
would require a complete treatife, which would 
lead me far beyond the bounds 1 have prelcri- 
bed for this work. 


$6. Of the Merallic Nature of the Eartbs; 
and of feveral newly-difcovered Metals #. 


‘In the laboratory of the Academy of the 
mines at Chemnitz in Lower Hungary, fome 
experiments have been lately made, by Meflrs 
Tondi and Ruprecht, by which the number 
of the metals feems to be confiderably aug- 
mented. Befides afcertaining the real metallic 
nature of Tungftein, Molybdena, and Manga- 
nefe, which fome chemifts had doubted, but all 

of which have been reduced to the reguline 
R 3 form 


4 L 

* The whole of this feétion has been added by the 
Tranflator. So much as refers to. Barytes, Magnefia, 
Chalk, and Uranium, was inferted in the fecond, third, 
and fourth editions: What relates to Titanium, Tellu- 
riumn, and Ghromum, is now frfadded to this fifth edi- 
tion.—T, 
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form by thefe two chemifts, they have fucceed- 
ed in procuring metallic reguli from Chalk, 
Magnefia, and Barytes. Of thele experiments, 
it may be proper to give fome account in this 
place, from the defcription of the cabinet of 
Mademoifelle Raab of Vienna, by Baron Born.” 


Barytes. 


«“ After having purified fome Barytes, by re- 
peated fufions and precipitations, it Was mixed 
with an eighth part of its weight of powdered 
charcoal, and made into a pafte with lintfeed 
oil: this was put into a crucible, furrounded 
by powdered charcoal, and fubmitted to a ftrong 
melting heat for an hour and a half. A perfect 
metallic regulus was procured, of an iron-grey 
colour and uniform metallic luftre : its texture 
is lamellated, compofed of large diftinét lamellæ, 
which crofs each other: it is brittle, but not 
hard, and readily takes a polifh ; is attracted by 
the magnet, notwithftanding every poflble pre- 
caution to feparate any mattial oxyd which might 
have previoufly been mixed with the mineral. 
The fpecific gravity of this new metal is 6.744, 
water being taken as unity.”? 


.. 
Magnefa. 
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“ By treating the carbonat of magnefa in the 
fame manner, they obtained a convex lump ox 
globule of metallic regulus, of a bright grey co: 
lour, fimilar to platina which has not been fully 
purified from iron. This regulus is harder than 
thofe obtained from tungftein or molybdena ; it 
is granular and fomewhat ftriated in its texture: 
when broken, and is not affeéted by the mag- 
net. Its fpecific gravity and other properties 
have not yet been afcertained.”? 


Chalk. 


“ Bythe fame method of proceeding, a regu- 
lus has likewife been procured from carbonat of 
chalk. The button was convex, and very com- 
pad in its texture : ; in colour and luftre it came 
very near to the appearance of platina, andit 
- took a fine polifh. Its fpecific gravity, and che: 
mical relations, have not yet been afcertained by 
experiment”? # 

“ Thefe experiments have been ds re 
peated by the above-mentioned gentlemen, and 
always with the fame refults. Should they e- 
ventually be confirmed by rigorous examina- 
tion, a new light will be thrown on feveral of” 


Ha": the 
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the moiît difficult parts of chemiftry by thefe dif- 
coveries, which have already been in a great 
meafure predicted, by the conjecture of Mr La- 
voifier, who fuppolfes that thofe fubftances, which 
have long been confidered as primitive earths, 
are only metallic oxyds combined with oxygen, 
and that their reduction has hitherto been pre- 
vented by the attraction which fubfifts between 
them and oxygen being fsonges than that be- 
tween oxygen and carbon.” 
Mr Baron Born adds to the Nes account, 
“ that he expeds foon to learn that the filiceous 
‘ and-argillaceous earths are likewife metallic 
“ oxyds, and that, in this cafe, the whole clafs 
‘ of earths and ftones will difappear from the 
“ mineral kingdom. The difcovery is certainly 
“ one of the moft important that modern che- 
“ miftry has produced for a long while ; it muft 
“have great influence in changing our metal- 
“ lurgic procefles, which will thereby become 
“#: more certain in their refults, and more fcien- 
“-tific in their application ; even every branch 
‘“# of chemiftry may receive confiderable light 
“ and improvement from their influence. Per- 
# haps gold and filver are the only pure metal- 
“ Jic fubftances hitherto known, as it is proba- 
“ble, thät fome part of the, till now unknown, 
Ps metals, from the earths employed for facilita- 
“-ting the fmelting of ores, may mix with the 
“ metals which we extrac from thefe ores, and: 
‘ debafe 
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debafe them; fo that, inftead of fimple or 
pure metals, which they were formerly con- 
fidered, thefe may only be alloys, of the in- 
gredients of which we are flill ignorant. Per- 
haps the regulus of barytes and of chalk are 
foluble in the fame acids, and precipitated by 
the fame elective attractions, as the regulus 
of copper, which may be the caufe of this 
mixture not being hitherto fufpected. From 
this mixture, or alloyage, the harfhnefs and 
greater or lefler duétility of iron, copper, tin, 
and other metals, may be derived. All thefe 
conjectures can only be afcertained or reject- 
ed, when all thefe newly-difcovered metals 
fhall have been properly examined, and their 
chemical affinities compared accurately with 
thofe of the metals already known, and with 
each other. One thing feems highly proba- 
ble, that one or other of thefe new metals 
will precipitate fome of the other metals from 
folutions in a metallic form, and by this pro- 
perty many metallurgic proceffes may become 
greatly facilitated and abridged.”” 

‘“ Thefe difcoveries give reafon to hope that 


chemiftry may one day arrive at a moft beauti- 
ful ftate of fimplicity. It is perhaps no im- 
probable conjeéture, that all the bodies in na- 
ture may be referred to one clafs of fimple com- 
baftible elementary fubftances, to oxygen, and 
to caloric; and that, from the various combi- 


nations 
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nations of thefe with each other, all the variety 
. produced by nature and art may arife. The on- 
ly known difference between metals and pure 
combuftibles, as they are called, is in degrees of 
qualities : They are all combuftible, that is, they 
all combine with oxygen, though under differ- 
ent degrees of temperature : They are all folidg 
or liquid, or aëriform, fixed or volatile at differ- 
ent temperatures : In different degrees of fatu- 
ration With oxygen, they form oxyds, which 
have alkaline properties or acids. In the ftate 
of oxyds, the formerly known metals have all 
the properties of what were formerly called 
primitive earths, which are now at leaft fufpect- 
ed of being metallic oxyds: Even the aëriform 
nature of hydrogen and azot, which does not 
feparate them from the reft fo far as combufti- 
bility is concerned, is only a difference in degree 
of volatility. We do not exclude mercury from 
the metals, becaufe it is volatile in the tempe- 
rature of 600°, and fufes at —40°, though iron 
is fixed at 24000°, according to Mr Wedge- 
wood’s experiments, and requires 25077° for its 
fufion; why then fhould hydrogen and azot be 
excluded from a clafs with which they agree 
in fo many particulars, becaufe their points of 
fufion and volatility are perhaps as many de- 
grees below thofe belonging to mercury as 
this latter falls fhort of thofe of iron; or why 
fhould carbon, fulphur, and phofphorus, not 

be 
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be confidered as metals, becaufe their fpecific 
gravity, and luftre, and duétility, differ from 
the bodies called metals, which differ fo much 
in thefe particulars among themfelves ? 

“ Tothefe three new metals Mr Tondi wifhes 
to give the names of borbonium, for the re- 
gulus of barytes ; auflrum, for the regulus 
from magnefia ; and parthenum for that of 
chalk. It were hard to deny a difcoverer the 
right of giving names to his own difcoveries, 
without fome reafonable objection; but thefe 
names would introduce confufion into chemi- 
cal nomenclature, which it has been the great 
objeét of the French chemifts to reform, and 
render regular; wherefore I would propofe 
that they fhould be named barytum, magne- 
fium, and calcum : Thefe accord with the re- 
‘formed old names of the fubftances from 
which théy are procured, merely by chan- 
ging to the neuter gender, in which all the 
names of the metals are placed in the new 
‘ homenclature, and then the three, formerly 
called earths, will be oxyds of thefe metals 
refpectively, or beryta, magnelia, and calca, 
if fingle terms are preferred, thefe latter be- 
ing in the feminine gender, which is appro- 
priated to alkaline fubftances in the new no- 
menclature. 

“It muft not, however, be concealed, that 
the truth*of thefe difcoveries is ftrongly con- 

# tefted 
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tefted by very eminent chemifts; who infft 
that the metallic buttons, produced in the 
experiments of Meflis Tondi and Ruprecht, 
arife entirely from the manganefe and iron of 
the charcoal, or from fome fimilar alloyage of 
materials from the crucibles or tefts employ- 
ed, and that they have no farther pretenfions 
to be confidered as diftinct metals than the 
fiderite, now known to be phofphorated iron, 
or than plumbago, or black-lead.”? 

“ Mr Klaproth, a celebrated chemift at Ber- 
lin, has lately difcovered a new metal, to 
which he gives the name of Uranium ; and he 
diftinguifhes its various mineral forms by the 
generic térm of Uranite. His numerous ex- 
periments on this fubject are publifhed in 
Crell’s Chemical Journal, and in the Annales 
de Chymie; and the following general ac- 
count of the minerals, jand of the metal, was 
confidered as proper to be given in this 
place. :; 

‘ The Uranite occurs in feveral forms which 
were formerlÿ overlooked, by chemifts and 
mineralogifts, being confidered as very poor 
ores of copper, becaufe they moftly contain a 
little of that metal: They are chiefly found 
near Johan-georgen Stadt in Saxony, Salfeldt 
in Thuringia, and Joachims-thal in Bohemia: 
Thefe may be divided into three genera, the 
ochreous, the fpathiform, and the minerali- 

zed, 
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zed, or ore. The ochreous, or uranite ochre, 
called uranit-oker, in the German language, 
is of a lemon yellow colour of various fhades, 
and being frequentiy more or lefs mixed with 
iron ochre, its colour is thereby changed to 
various fhades of brown; fometimes it is in 
a powdery ftate, and at other times it js 
caked together in mafles of different degrees 
of compaétnefs; it is generally found cover- 
ing or adhering to pieces of the mineralized 
uranite. The fpathiform, or uranite fpar, 
called in German wranit-fpath, the chalkohth 
of Mr Werner, is generally of a deep grafs 
green colour, fometimes verging to a filver 
white, and at other times to a light yellowifh 
green; it is fometimes compact and irregular 
in its form, and is fometimes cryftallized in 
fmall fhining fquare and tranfparent tables, 
which are occafonally fo thick as to be al- 
moft cubes : thefe cryftals are lamellated in the 
fraêure, and feel foft to the touch: they are 
often found in fpots, fcattered over the fur- 
face of micaceous fhift, granite, or a mixture 
of quartz and black uranite ore. Both the 
ochre and fpar diflolve entirely in nitric acid. 
The mineralized, or uranite ore, called in 
German wvranit-erz, pech-blende, or pech-erz, 
is of à dark black-brown colour: it is tole- 
rably hard, has a greafy luftre, breaks :com- 
pad, and is black where fcratched : it is very 

heavy, 
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heavy, the fpecific grâvity being 7.500: it 
does not melt in the fire byitfelf, but is re- 
duced under the blow-pipe with the addition 
of phofphoric acid, to a green vitreous glo- 
bule: it diffolves imperfeétly in the acids, 
but beft in the nitrous, the diflolution being 
of a pale white-wine colour. | 

“ Uranium, the metal procured from thefe 
mineral fubftances, is even more diffcultly 
fufed than manganefe: its fpecific gravity 1s 
6.440: it is of a dark grey colour, becoming 
brown when fcratched: its brilliancy is flight ; 
and it is rather foft, being eafily cut with a 
knife or file. Itdiffolves very imperfeétly in 
the fulphuric and muriatic acids, but very 
readily, and with confiderable evolution of 
heat, in nitric and nitro-muriatic acids: From 
this diflolution its oxyd is precipitated of a 
yellow colour by the pure alkalies, and the 
precipitates are re-diflolved by an excefs of 
alkali: with the alkaline carbonats the pre- 
cipitates are whitifh, and reddifh brown when 
the prufliats are employed : Thefe oxyds. do 
not melt under the blow-pipe, without addi- 
tion, but with foda and borax they melt into 
a brown button, and with phofphoric acid the 
button is of a green colour.” 

“In * a grayifh-black metallic fand, found in 
the vale of Menachan in Cornwall, Mr Mac- 

gregor 

# The remainder of this feétion is added by the Tranf- 

Jator to the prefent edition.—T'. 
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gregor has lately detected a peculiar metallic 
oxyd, mixed with filex and the oxyds of iron 
and manganefe, to which he gives the name 
of Menachanite. Klaproth has fince difcover- 
ed the fame in the red fchorl of the Hunga- 
rian mines, and in a mineral named Sidero- 
titanium, from which he calls the new metal 
Titanium. The oxyd is red; but when par- 
tially reduced, by heating with inflammable 
fubftances, it becomes yellow or blue. It is 
very hard and infufible. Bÿ means ef heat, 
it is diflolved in dilute fulphuric, nitric, and. 
muriatic acids, affuming a gelatinous confift- 
ence.. From this folution cryftals are obtained: 
by fpontaneous evaporation ;. but thefe falts. 
are decompofed by boiling. They are like- 
wife decompofed by pruffiat of potafh and by 
gallic acid ; the former giving a green preci- 
pitate, and the latter a brownifh red. Vau- 
quelin has been able to deoxydate this metal, 
though .extremely refra@ory, and apparently 
. volatile. It is brittle, of a cryftalline ftructure,. 
and reddifh-yellow in its colour ; and will not 
unite with any of the metals except iron.” 

“ From an ore of gold called aurum proble- 
maticum, and feveral other ores of that metal, 
Muller and Klaproth have extracted a new 
metal, to which has been given the name of 
Tellurium. It is white or greyifh, with confi- 
derable luftre; brittle, lamellated, and its fur- 

face: 
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face becomes cryftalline on cooling: Itis very 
fufible, and extremely volatile, burning with 
a blue flame when much heated. The oxyd is 

white, becoming yellow whem heated ; is eafly 

volatilized, and very readily reducible. Tellu- 

rium diflolves in nitric and nitro-muriatic acids, 

from the latter of which itsoxyd is precipitated 

by water. With fulphuric acid it forms a fine. 
red folution; the colour of which difappears 
by heat, or by dilution with water. From all 

thefe folutions the oxyd is precipitated by all 

the alkalies, but is rediflolved by excefs of al- 
kali. Iron, zinc, tin, and antimony, precipi- 
_tate it from thefe folutions in a metallic ftate. 

It amalgamates with mercury, and alloys with 

feveral of the metals. Its fpecific gravity is 
6.115.” 

« From the red lead ore of Siberia, Vauque- 
lin has lately extraéted a metallic fubftance, 
to which he gives the name of Chrome, or 
Chromum, from its property of giving brilliant 
colours to moft of its combinations. In the 
Siberian red lead ore, this metal exifts in the 
flate of an acid; and it has likewife been 
found fimilarly combined with iron. The 
fame chemift has afcertained that the emerald 
owes its colour to the oxyd of this metal, and. 
fufpeëts it to ferve the fame purpofe in other 
gems. The acid of chromum, or the chro- 
mic acid, is of a fine ruby colour, and forms 

priimatic 
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prifmatic cryftals, which are foluble in water, 
‘having à fharp metallic tafte. Chromic acid 
combines with the alkalies, forming golden 
yellow cryftallizable falts. It combines with 
all the metals, forming compounds of fplendid 
colours. With phofphoric acid, or borat of 
foda, it fufes into vitreous globules of a fine 
emerald green colour. When heated with 
muriatic acid, it lofes part of its oxygen ; 0xy- 
genated muriatic acid is formed, and the oxyd 
of chromum is diflolved, giving a rich deep 
green colour to the folution. The red chro- 
mic acid may likewile be reduced to à green 
oxyd, by heating it with the blow-pipe in 
contat with charcoal. Chronic acid is re- 
duced to the metallic ftate, by expofure to 
violent heat, completely bedded in powdered 
charcoal. The metal is greyifh, brittle, bril- 
liant, diffiicultly fufed, and difpofed to cryftal. 
lize, in cooling. When heated in contact 
with air, its furface changes to a green oxyd. 
It may be oxygenated, but with great diff- 
culty, by diftilling from it to drynefs, twenty 
times its weight of concentrated nitric acid, fe- 
veral times fucceffively.” 

“ Although chemical analyfis is now reduced 
to great accuracy, it is not impoflible that 
fome of thefe new metallic fubftances may 


turn out only very refraétory combinations 
Noi.il S of 
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of already known metals, The fiderite of 
Scheele and Bergman, ought to make chemifts 
extremely cautious of pronouncing definitive- 
ly on fuch difcoveries. This remark may 
likewife be applied to the newly-difcovered 
garths.? | 


£ CHAP. 
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CHAP, XVII. 


Continuation of the Obfervations upon Salifiable 
Bafes, and the Formation of Neutral Salts. 


T is néceffary to remark, that earths and al- 
Î kalies unite with acids to form neutral 
falts without the intervention of any medium, 
whéreas metallic fubftances are incapable of 
forming this combination, without being pre- 
viouflÿ iefs or more oxygenated ; ftrictly fpeak- 
ing, therefore, metals are not foluble in acids, 
bat only metallic oxyds. Hence, when a me- 
talis put into an acid for folution, it is neceffary, 
in the firft place, that it become okygenated, 
either by attrating oxygen from the acid, or. 
from the water with which the acid is diluted ; 
or, in other words, that a metal cannot be dif- 
folved in an acid, unlefs the oxygen either of 
the acid, or of the water mixed With ït, has a 
ftronger aflinity to the metal than to the hydro- 
gen or the acidifiable bafe ; 6r what amounts to 
the fame thing, that no metallic diflolution can 
take place, without a Previous decompoñition of 
the water, or ofthe acid in which it is made, The 
explanation of the principal phenomena of me- 

5 2 tallic 
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tallic diffolution depends entirely on this fimple 
. obfervation, which was overlooked even by the 
illuftrious Bergman. 

The firft and moît ftriking of thefe phenome- 
na is the effervefcence, or, to fpeak lefs equivo- 
cally, the difengagement of gas, which takes 
place during the folution ; in the folutions made 
in nitric acid, this effervefcence is produced by 
the difengagement of nitrous gas ; in folutions 
with fulphuric acid it is either fulphurous acid 
gas or hydrogen gas, according as the oxydation 
of the metal happens to be made at the ex- 
pence of the fulphuric acid or of the water. 
As both nitric acid and water are compofed of 
elements which, when feparate, can only exift 
in the gafeous form, at leaft in the common 
temperature of the atmofphere, it is evident 
that, whenever either of thefe is deprived of its 
oxygen, the remaining element muft inftantly 
expand and affume the ftate of gas; the effer- 
velcence is occafioned by this fudden conver- 
fion from the liquid to the gafeous ftate. The 
fame decompofition, and confequent formation 
of gas, takes place when folutions of metals are 
made in fulphuric acid: In general, efpecially 
by the hunid way, metals do not attraét all the 
oxygen it contains ; they therefore reduce it, not 
into fulphur, but into fulphurous acid, and as 
this acid can only exift as gas in the ufual tem- 

perature, 
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perature, it is difengaged, and occafions «ffer- 
vefcence. ET 

The fecond obfervable phenomenon is, that, 
when the metals have been previoufly oxydated, 
they all diffolve in acids without effervefcence : 
This is eafily explained ; becaufe, not having now 
any occafon for combining with oxygen, they 
neither decompofe the acid nor the water, by 
which decompofition, in the formet cafe, the 
effervelcence is occafioned. | ‘ 

À third phenomenon, which requires parti- 
cular confideration, is, that none of the metals 
produce effervefcence by folution in oxygena- 
ted muriatic acid. During this procefs the me- 
tal, in the firft place, carries off the excefs of 
oxygen from the oxygenated muriatic acid, by 
which it becomes oxydated, and reduces the 
acid to the ftate of ordinary muriatic acid. In 
this cafe there is no production of gas ; not that 
the muriatic acid does not tend to exift in the 
gafeous ftate in the common temperature, which 
. it does equally with the acids formerly mention- 
ed, but becaufe this acid, which otherwife would 
expand into gas, finds more water combined with 
the oxygenated muriatic acid than is neceflary 
to retain it in the liquid form ; hence it does not 
difengage like the fulphurous acid, but remains, 
and quietly diffolves and combines with the me- 
tallic oxyd previoufly formed from its fuperabun- 
dant oxygen. 

5 3 The 
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‘The fourth phenomenon worthy of notice is, 
that metals are abfolutely infoluble in fuch acids 
as have their bafes joined to oxygen by a ftrong- 
er affinity than thefe metals are capable of ex- 
erting upon that acidifying principle. Hence 
filver, mercury, and lead, in their metallic flates, 
are infoluble in muriatic acid, but, when pre- 
vioufly oxydated, they become readily foluble 
without effervefcence. ” #35 

From thefe phenomena it appears that oxy- 
gen is the bond of union between metals and 
acids ; and fromthis we are led to fuppofe that 
oxygen is contained in all fubftances which have 
a ftrong affinity with acids: Henceit is very pro- 
bable that the four eminently falifiable earths 
contain oxygen, and that their capability of u- 
niting with acids is produced by the intermedia- 
tion of that element. What 1 have formerly 
noticed: relative to thefe earths, viz. that they 
may very poffibly be metallic oxyds, with which 
oxygen has a ftronger affinity than with carbon, 
and confequently are not reducible by any known 
means, is confiderably ftrengthened by the above 
confiderations. 

All the acids hitherto known are enumerated : 
in the following table; the firft column contains 
the names of the acids, according to the new 
nomenclature, in Latin ; in the fecond column, 
tbe Englifh names, according to the fame no- 

menclature, 


OF CHEMISTRY. 270 


merelature, are “placed : the third contains thé 
bafes or radicals of thefe acids. 


Table of allthe known Acidss 





























Latin Names. …_ Englifh Names, Bafes, 
1. Acidum fulphurofum Sulphurous acid Date 
2 —— falphuributn Sulphuric { FAP ee ù 
3+ =—— phofphorofum  Phofphorous bo ; 
4e ——— un Phofphoric F Dex sprl 
$. muriaticum Muriatic F Ur rh 4 
6 oxygenatum * Oxygenated muriatic $ "0 ü 
7 nitrofum Nitrous 
8 nitricum Nitric F Azot 
9. oxÿgenatum f Oxygenated nitric 
10. carbonicum Carbonic Carbon 
II, —— acetofum Acetous À: 
12, —— aceticum Acetic 
22: oxalicum " -Oxalic pa 
14. —— tartarofum ; Tartarous À Gonipote “ 
15.— pyro-tartarofum Pyro-tartarous 
è. dim Carte ds - See Obfi gs 
17. malicum Malic 
18.—— pyro-lignofum  Pyro-Hgnous | 
19. —— pyro-mucofum  Pyro-mucous J 


20. Acidum 
S 4 
# This term might be changed for Aicidunr murioxi. 
cum, Murioxic acid.—T, ÿ 
+ In a former note Hydrogen i 13 mentioned as fe fup- 
pofed bafe of this acid.—T. 


+ This might more conveniently be named A.cidum 
nitroxicum, or Nitroxic acid.—"T. 
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Latin Names. Enghfb Names. Bafes. 
20. Acidum gallicum Gallic 1 
21. prufficum Pruffie 
22. benzoicum Benzoic c 
ME 21.0 ompound, 
23. —— fuccinicum Succinic > 
: é See Obf. 24, 
24. camphoricum Camphoric 
25. laéticum Laë&tic ct 
26. faccho laéticum Saccho laétic  J 
27e bombicum Bombic z FT RER 
28. formicum Formic è 
“be : ’ See Obf. 3d. 
29. febacicum Sebacic J 
30. boracicum Boracic 
£ AT Unknown 
34 fluoricum Fluoric 
g% antimonicum Ântimonic Antimony 
33:—— argenticum Argentic Silver 
34: arfeniacum Arfeniac * Arfenic 
35e — bifmuthicum Bifmuthic Bifmuth 
36. cobalticum Cobaltic Cobalt 
CEA cupricum Cupric Copper 
38 ftannicum  Stannic Tin 
39: — ferricum Ferric Iron . 
40. manganicum Manganic Manganele 
41. —— mercuricum+  Mercuric Mercury 
42. —— molybdicum Molybdic Molybdena 
43: nickolicum Nickolic Nickel 
44. auricum Auric Gold 





45. Acidum 


* This term differs a little from the general rule, in 


making the name terminate in ac inftead of cc. 


The bafe 


and acid are diftinguifhed in French by Arfenzc and Ar- 
fenique ; but, as the fyllable z6 was thought moft conve- 
nient for the Englifh tranflation of the French zgue, it 
became neceflary to ufe this fmall deviation.—T. 


+ Mr Lavoifer has Æydrargirique; but Mercurium 
being ufed for the metal or bafe, the name of this acid, as 
above, is at leaft equally regular, and lefs harfh.—T, 
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Latin Names. Englifh Names.  Bafes. 
45. Acidum platinicum  Platinic Platina 
46, —— plumbicum Plumbic Lead 
47. tungfticum Tungftic Tungflein 
48. —— zincicum Zincic Zinc 
49: —— chromicum Chromic Chromum 
50. zoonicum Zoonie Compound : 
51. fubericum Suberic Compound * 


Obfervations on the foregoing Table. 


1/?, The bafes or radicals of the acids from 
N° 11. t0 N° 19. inclufive, feem to be formed 
by a combination of carbon and hydrogen ; and 
the only difference appears to proceed from the 
diffimilar proportions in which thefe elements 
combine to form the bafes of thefe acids, toge- 
ther with the different quantities of oxygen in 
their acidification. A connected feries of accu- 
rate experiments is fill wanted to illuftrate this 
fubjeét in a fatisfaétory manner. 

24, The bafes or radicals of the acids from 
N° 20. to 26. inclufive, are hitherto very imper- 
fectly known ; we only know that hydrogen and 
carbon aretheir principal elements, and that the . 
“pruffic acid contains likewife fome azot. 

34, The bafes of the acids 27, 28, 20, and all 
others obtained from animal fubftances, are ftill 
very imperfetly known, and require farther in- 
. veftigation ; for they feem to confit of carbon, 
hydrogen, phofphorus, and azot, united:toge- 
ther, but the particular Proportions of thefe ele- : 

ments 


. * Thefe three laft are newly-difcovered acids.—T- 
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ments in each, and the degrees of oxydation, are 
unafcertained. 

In this lift, which contains 48 acids*, Ï have 
enumerated 17 metallic acids hitherto very im- 
perfe&tly known +, but upon which Mr Berthol- 
let is about to publifh a very important work. 
It cannot be pretended that all the acids which 
exft in nature, or rather all the acidifiable ba- 
fes, are yet difcovered ; but, on the other hand, 
there are confiderable grounds for fuppoñing 
that a more accurate inveftigation than has hi- 
therto been attempted, will diminifh the num- 
ber of the vegetable acids, by fhewing that fe- 
veral of thefe, at prefent confidered as diftinct 
acids, are only modifications of others. All that 
can be done in the prefent ftate of our know- 
ledge is, to give a view of chemiftry as it really 
is, and to eftablifh fundamental principles, by 
which fuch bodies as may be difcovered in future 
may receive names, in conformity with one uni- 
form fyftem. 


The 


* Together with three added in this edition.—1". 


+ The lift might have been augmented by the probable 
acids from the newly-difcovered metals, mentioned in the 
additional fcétion of the former chapter : It is not impot- 
fible that the bafes of the Boracic and Fluoric acids may 
hereaftet be difcovered among new metals. 

L have left the original numbers of the Author, though 
many. additions have been fince made, for which fee next 
note.—T. 
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The known falifiable bafes, or fubftances ca: 
pable of being converted into neutral falts by 
union with acids, amount to 24; viz. 3 alkalies, 
4 earths, and 17 metallic fubftances ; fo that, 
in the prefent flate of chemical knowledge, the 
whole poflible number of neutral falts amounts 
to 1152%*. This number is upon the fuppofi- 
tion that the metallic acids are capable of dif- 
folving other metals, which is a new branch of 
chemiftry, not hitherto inveftigated, upon which 
depends all the metallic combinations named 
vitreous. There is reafon to believe that many 
of thefe fuppofable faline combinations are not 
capable of being formed, which muft greatly 
reduce tlre real number of neutral falts produ- 
cible by nature and art. Even if we fuppofe 
the real number to amount only to five or fix 
hundred fpecies of poñible neutral falts, it is 
evident, that, were we to diftinguifh them, after 
the manner of the older chemifts, either by the 
names of their firft difcoverers, or by terms de- 
rived from the fubftanees from which they are 

| procured, we fhould at laft have fuch a confu- 

fion of arbitrary defignations, as no memery 

5 could 

* This number excludes all triple falts, or fuch as con- 

- tain more than one falifiable bafe, all the falte whofe bafes 

are over or under faturated with: acid, and thofe Éd, 
by the nitro-muriatic acid. 

To thefe muft now be added four new earths, feven 

new metak, and three new acids, which will very largely 


increafe the poflible number of neutral falis.—T, 


+ 
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could poffibly retain. This method might be to- 
lerable in the early ages of chemiftry, or even 
till within thefe twenty years, when only about 
thirty fpecies of falts were known; but in the 
prefent times, when the number is augmenting 
daily, when every new acid gives us 24 or 48 
new falts, according as it is capable of one or 
two degrees of oxygenation, a new method is 
certainly neceffary. The method here adopted, 
drawn from the nomenclature of the acids, is 
perfectly analogical, and, following Nature in 
the fimplicity of her operations, gives a natural 
and eafy nomenclature, applicable to every por: 
fible neutral falt. 

In giving names to the different acids, we 
have expreffed the common property by the ge- 
nerical term acid, and have diftinguifhed each 
fpecies by the name of its peculiar acidifiable 
bafe. Hence the acids formed by the oxygena- 
tion of fulphur, phofphorus, carbon, &c. are 
called /ulpburic acid, phofpboric acid, carbonic 
acid, &c. We thought it proper likewife to 
indicate the different degrees of faturation with 
oxygen, by different terminations of the fame 
fpecific names: Wherefore we diftinguifh be-. 
tween fulphurous and fulphuric, and between 
phofphorous and phofporic acids, &c. 

By applying thefe principles to the nomen- 
clature of neutral falts, we ufe a common term 
for all the neutral falts arifing from the combi- 
nations of one acid, and diftinguifh the fpecies 

* by 
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by adding the name of the falifiable bafe. Thus, 
all the neutral falts having fulphuric acid in their 
compofition are named /w/phats ; thofe formed 
by the phofphoric acid, phofhhats, &c. The 
fpecies being diftinguifhed by the names of the 
falifable bafes gives us /w/phat of pota/b, fulphat of 
Joda, fulpbat of ammoniac, fulpbat of lime, fulpbat 
of tron, &c. As we are acquainted with 24 fali- 
fiable bafes, alkaline, earthy, and metallic, we 
have confequently 24 fulphats, as many phof- 
phats, and fo on through all the acids. 

Sulphur is, however, fufceptible of two de- 
grees of oxygenation, the firft of which produ- 
ces fulphurous, and the fecond, fulphuric acid ; 
and, as the neutral falts produced by thefe two 
acids have different properties, and are in fact 
different falts, it becomes neceflary to diftin- 
guifh thofe by peculiar terminations ; we have 
therefore diflinguifhed the neutral falts formed 
by the acids in the firft or leffer degree of oxy- 
genation, by changing the termination at into 
ue, as Julphites, phofphites *, &c. Thus, OX y- 
| genated, 


* As all the fpecific names of the acids in the new no- 
menclature are adjeélives, they would have applied feve- 
xaily to the various fahfiable bafes, without the invention 
of other terms, with perfeét diftinAnefs. Thus, /x/phu. 
rous potafh, and Julphuric potafh, are equally diftinét, as 
Julpbite of potafh, and fulpbat of potafh ; and have the ad- 
vantage of being more eaflÿ retainéd in the memory, be. 

caufe 
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genated or acidified fulphur, in its two dégrees 
of oxygenation, is capable of forming 48 neu- 
tral falts, 24 of which are fulphites, and as ma- 
ny fulphats: This is likewife the cafe with all 
the acids capable of two degreés of oxygena- 
tion *, | 

It were both tirefome and unneceflary to fol- 
low thefe denominations through all the varie- 


ties 


eaufe more naturally arifing from the names of acids 

themfelves, than the arbitrary terminations adopted by 

Mr Lavoifier. Thefe propofed terms are likewife very 

readily and diftin@ly expreffible in Latin, thus, Potaffa, 

or rather, as I have formerly obferved, Lixa Sulpburofa 
and Sulphurica, and are equally diftinéive with, and more 

readilÿ remembered than, the Latin terms of the new no- 

menclature, Sz/phis and Sulphas Potaffe,—T. - 


+ * Thete is yet a third degree of oxygenation of feveral 
acids, as the oxygenated muriatic and oxygenated nitric 
acids. The terms applicable to the neutral falts refulting 
from the union of thefe acids with falifiable bafes, is fup- 
plied by the Author in the Second Part of this Work. 
Thefe are formed by prefixing the word oxygenated to 
the name of the falt produced by the fecond degree of 
oxygenation. Thus, oxygenated muriat of potafh, cxyoe- 
nated nitriat of foda, &e. Or if the change I have pro- 
pofed in a former note on the nomenclature of thefe two: 
acids be adopted, we fhall have wurioxic and nitroxie pot. 
afh or lixa, in Latin Lixa murioxica; Trona nitroxica, in. 
flead of the much longer, and not more diftindive expref-- 
fions, Murias potaffe oxygenata, Nitras fodæ oxpgenata.— 
pi 
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ties of their poffible applications ; it is enough 
to have given the method of naming the various 
faits, which, when once well underftood, is ea- 
fily applicable to every poflible combination. 
The name of the combuftible and acidifiable 
body being once known, the names of the acid 
it is capable of forming, and of all the neu- 
tral combinations the acid is fufceptible of en- 
tering into, are moft readily remembered. Such 
as require a more complete illuftration of the 
methods in which the new nomenclature is ap- 
plied, will, in the Second Part of this book, find 
Tables which contain a full enumeration of all 
the neutral falts, and, in general, of all the pof- 
fible chemical combinations, fo far as is con- 
fiftent with the prefent ftate of our knowledge. 
To thefe 4 fhall fubjoin fhort explanations, con- 
taining the beft and moit fimple means of pro- 
curing the different fpecies of acids, and fome 
account of the general properties of the neutral 
falts they produce. 

1 fhall not deny, that, to render this work 
more complete, it would have been neceflary to 
add particular obfervations upon each fpecies of 
falt ; its folubility in water and alcohol; the 
proportions of acid and of falifiable bafe in its 
compolition ; the quantity of its water of cryf- 
taihzation ; the different degrees of faturation 
it is fufceptible of; and finally, the degree of 
force or affinity with which the acid adheres to 


the 
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the bafe. This immenfe work has been already 
begun by Meff. Bergman, Morveau, Kirwan, 
‘and other celebrated chemifts, but is hitherta 
only in a moderate ftate of advancement ; even 
the principles upon which it is founded are not 
‘perhaps fufficiently accurate. 

Thefe numerous details would have fwelled 
this elementary treatife to much too great a 
fize ; befides that, to have gathered the necef- 
fary materials, and to have completed all the 
feries of experiments requifite, muft have re- 
tarded the publication of this book for many 
years. ‘his is a vaft field for employing the 
zeal and abilities of young chemifts, whom I 
would advife to endeavour rather to do wel] 
than to do #uch, and to afcertain, in the firft 
place, the compoñition of the acids, before en- 
tering upon that of the neutral falts. Every e- 
difice which is intended to refift the ravages of 
time fhould be built upon a fure foundation ; 
and, in the prefent ftate of chemiftry, to attempt 
difcoveries by experiments, either not perfe&ly 
exact, or not fuficiently rigorous, will ferve 
only to interrupt its progrefs, inftead of contri- 
buting toits advancement. 


PART 
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Of the Combination of Acids with Sali- 
fiable Bafes, and of the Formation of 
Neutral Salts. à 


INTRODUCTION. 


': I had Ri&ty followed the plan at firft 
“laid down for the conduct of this work, I 
would have confined myfelf, in the Tables and 
-accompanying obfervations which compofe this 
Second Part, to fhort definitions of the feveral 
known acids, and abridged accounts of the pro- 
cefles by which they are obtainable, with a mere 
" nomenclature or enumeration of the neutral 
. falts Which refult from the combination of thefe 
acids with the various falifiable bafes. But I 
afterwards found, that the addition of fimilar 
Tables of all the fimple fubftances which enter 

Voz. I. à into 
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into the compofition of the acids and oxyds, to- 
gether with the various poffible combinations of 
thele elements, would add greatly to the utility 
of this work, without being any great increafe to 
its fize. Thefe additions, which are all contain- 
ed in the twelve firft fections of this Part, and 
the Tables annexed to thefe, form a kind of re- 
capitulation of the firft fifteen Chapters of the 
Firft Part ; the reft of the Tables. and Settions 
- contain all the faline combinations. 

It muft be very apparent, that, in this Part of 
the Work, I have borrowed largely from what 
has been already publifhed by Mr de Morveau 
in the Firft Volume ofthe Encyclopedie par ordre 
des Matières. 1 could hardly have difcovered 
a better fource of information, efpecially when 
the difficulty of confulting books in foreign lan- 
guages is confidered. 1 make this general ac- 
knowledgment on purpole to fave the trouble 
of references to Mr de Morveau’s work, in the 
courfe of the fallowing part of mine. 


Tage 
n 
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TABLE OF SIMPLE SUBSIANCES. 
Simple fubitances belonging to all the kingaoms of Nature, 
which se be confidered as the chemicai elements of bodies, 


* New Names. Correfpondent Old Names. 
Englifb. Latin. L 
Light sight. 
Heat. » 
à : Principle or elemerit of heat, 
Caloric Caloricum Fire, Igneous fluid, 


Matter of fire and of heat, 
Dephlogifticated air, 
Oxygen Oxygenum Pers 
Bañfe of vital air. 
Phlogifticated air Or gas 
Azot Azotum À Morn, or its bafe, 


Inflammable air or gas, or 
Hydfogen a" 3 the bafe of inflammable air, 


Oxydable änd Acidifiable fimple Subftances not Metallic. 


New Names. Correfpondent old Names. 
- Sulphur Sulphurum 
Phofphorus Phofphorum Ÿ Te fame names. 


Cadidé TENTE * de fmple element of char 
Muriatic radical Murium 
Fluoric radical Fluorum Still unknown. 
Boracic radical Boracum | 
Oxydable and Acidifiable fimple Metallic Bodies. 
Nes Naïmes.  ; Correfpondent old Names, 


Antimony Antimonium 7 Antimony. 
Arfenic Arfenicum Arfenic. 
Bifruth Bifmuthum | Bifmuth. 
Cobalt Cobaltum Cobalt. 
Copper Cuprum | Copper. 
Gold Aurum | Gold. 

* Iron Ferrum 1 -Iron, 
Lead Plumbum | » | Lead. 

 Mänganefe Manganum = 4 Manganefe, 
Mercury Mercurium 80 | Mercury. 
Molybdena Molybdenum | R4 | Molybdena. 
Nickel Nickolum | Nickel, 
Plarina Platinum Platina. 
Silver Argentum | Silver. 
Tin Stannum Tin. 
Tungftein Tungflenum | Tungitein: 
Zinc Zincum (Zinc, 


T 2 Salifiable 
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| Salifiable fimple Earthy Subflances. 


New Names. Correfpondent old Nanres. 
Enpglifh. Latin. 
$ Cal Chalk, calcareous earth, 
#Lime nr Quicklime. 


Magnefa, bafe of Epfom fait, 


Magnefña  Magnefia Calcined or cauftic magnefa. 


Barytes Byryta Barytes, or heavy earth. 
Arpgil Arpilla Clay, earth of alum. 
Bilex Silhica Siliceous or vitrifiable earth. 


Strontites  Strontyta Newly difcovered. 


SECT. I. Ob/ervations upon the Table of Simple 
| S'ubftances. à LA 


The principal objeét of chemical experiments 
is to decompofe natural bodies, fo as feparately 
to examine the different fubftances which enter 
into their compofition.. By-confulting chemi- 
cal fyftems, it will be found that this fcience of 
chemical analyfis has made rapid progrefs in 
our own times.  Formerly oil and falt were 
confidered as elements of bodies, whereas later 
obfervation and experiment have fhewn, that all 
falts, inftead of being Simple, are compofed of 
an acid united to a bafe. The bounds of ana- 
lyfis have been greatly enlarged by modern dif- 
coveries * ; the acids are fhewn to be compofed 
of oxygen, as an acidifying principle common 
to all, united in each to a particular bafe, E 
have proved, what Mr, Haffenfratz had before 

advanced, 


* See Memaie of the Academy for r766 p. 671.and 
ges 1778, pe 535:—À 
de. à 


# 
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advanced, that thefe radicals of the acids are not 
all fimple elements, many of them being, like 
the oily principle, compofed of hydrogen and 
carbon. Even the bafes of neutral falts have 
been proved by Mr Berthollet to be compounds, 
as he has fhewn that ammoniac is compofed of 
azot and hydrogen. 

Thus, as chemiftry advances towards perfec- 
tion, by dividing and fubdividing, it is impof- 
fible to fay where it is to end ; and thefe things 
we at prefent fuppofe fimple may foon be found 
quite otherwife. All we dare venture to affirm 
of any fubftance is, that it muft be confidered 
as fimple in the prefent ftate of our knowledge, 
and fo far as chemical analyfis has hitherto been 
able to fhow. We may even prefume that the 
earths muft foon ceafe to be confidered as fimple 
bodies; they are the only bodies of the falifia- 
ble clafs which have no tendency to unite with 
oxygen ; and 1 am much inclined to believe 
that this proceeds from their being already fa- 


_turated with that element. If fo, they will fall 
to be confidered as compounds confifting of fim- 


ple fubftances, perhaps metallic, oxydated to a 
certain degree. This is only hazarded as a pro- 
bable conjecture ; and I truft the reader will 
take care not to confound what I have related as 
truths, fixed on the firm bañfis of obfervation 
and experiment, with mere hypothetical fpecu- 
Jations. 

#3 The 
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The fixed alkalies, potafh, and foda, are o- 
mitted in the foregoing Table, becaufe, they are 
evidently compound fubftances *, though we are 
ignorant as yet what are the elements they are 
campofed of, 


TABLE 


* For the fame reafon Calca, Magnefa, and Baryta, 
ought to have been omitted in this edition, as has been 
explained in p.262; but, though the tranflator has taken 
the freedom to make feveral obfervations and fome addi- 
tions, he has not ventured to make any alterations ; the 
latter is the exclufive province of the author.—T. 
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TagLe of compound oxydable and acidifiable bafes. 


Names of the Radicals. 


Oxydable or acidifiable ( Nitro muriatic radical *, or 
bafes, from the mine- bafe of the acid formerly 
ral kingdom. called aqua regia. 

: f Tartarous radical or bafe. 
Malic 
Citric 

1 Pyro-lignous 

Oxydable or acidifiable | Pyro-mucous 
hydro-carbonous or | Pyro-tartarous 
carbono-hydrous radi-4 Oxalic 
cals, from the vege- | Acetous 
table kingdom. Succinic 

Benzoic 

Camphoric 

LGallic 


, de fLaic 
_“Oxydable or acidifiable Saccholaîtic 


radicals from the ani- SRESTN 
mal kingdom, which 4 RL 





or nm cs mme 7 0) 
"SIPOTPEY 





moftly contain azot, ‘ 
and frequently phof- E | 
FUN LPruflic 

T 4 SECT. 


Note.—The radicals from the vegetable kingdom are 
converted by a firft degree of oxygenation into vegetable 
oxyds, fuch as fugar, flarch, and gum or mucus: Thofe 
of the animal kingdom, by the fame means, form animal 
oxyds, as lymph, &c.—A. 


* This, for the prefent, may be named Azo-muria, 
uptil the radic:l 0f muriafic acid be difcovered ; or, at 
leait, till the difcovery of hydrogen being that radical be 
unquefionably aicertained,—T 
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Secr. IL:—Obfervations upon the Table of Com 
pound Radicals. 


The older chemifts AE unacquainted with 
the compofition of acids, and not fufpecting them 
to be formed by a peculiar radical or bafe for 
each, united to an acidifying principle or element 
common to all, could not confequently give any 
name to fubftances of which they had not the 
moît diftant idea. We had therefore to invent 
a new nomenclature for this fubject, though we 
were at the fame time fenfible that this nomen- 
clature muft be fufceptible of great modification, 
when the nature of the compound radicals fhall 
become better underftood *. 

The compound oxydable and acidifiable ra- 
dicals from the vegetable and animal kingdoms, 
enumerated in the foregoing table, are not hi- 
therto reducible to fyftematic nomenclature, be- 
caufe their'exact analyfis is as yet unknown. 
We only know in general, by fome experiments 
of my own, and fome made by Mr Hafenfratz, 
that moft of the vegetable acids, fuch as the 
tartarous, oxalic, citric, malic, acetous, pyro- 
tartarous, and pyro-mucous, have radicals com- 


pofed of hydrogen and carbon, combined in 
fuçh 


# Sce Part I. Chap. XI, upon this fubjeét.— À. 
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fuch a way as to form fingle ‘bafes, and that 
thefe acidsonly differ from each other by the 
proportions in which thefe two fubftance enter 
into the compofition of their bafes, and by the 
degrees of oxygenation which thefe bafes have 
received. We know farther, chiefly from the 
experiments of Mr Berthollet, that the radicals 
from the animal kingdom, and even fome of 
thofe from vegetables, are of a more compound 
pature, and befides hydrogen and carbon, that 
they often contain azot, and fometimes phof- 
phorus; but we are not hitherto pofñlefied of 
fufficiently accurate experiments for calculating 
the proportions of thefe feveral fubftances. We 
are therefore forced, in the manner of the older 
chemifts, fill to name thefe acids after the fub- 
ftances from which they are procured. There 
can be little doubt, that thefe names will be laid 
afide when our knowledge of thefe fubftances 
becomes more accurate and extenfive; the 
terms, bydro-carbonous, bydro-carbonic, carbono- 
bydrous, and carbono-bydric *, will then become 
‘ fubitituted for thofe we now employ, which will 
then only remain as teftimonies of the imperfe& 
ftate in which this part of chemiftry was tranf- 
mitted to us by our predeceflors. 

It 


#* See PartI. Chap. XI. upon the application of thefe 
names according to the proportions of the two ingredi- 
ents.—A. 
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It is evident, that the oils, being compofed of 
hydrogen and carbon combined, are true car- 
bono-hyd rous or hydro-carbonous radicals ; and, 
indeed, by adding oxygen, they are convertible 
into vegetable acids and oxyds, according to 
their degrees of oxygenation. We cannot, how- 
ever, aflirm, that oïls enter in their entire ftate 
into the compofition of vegetable oxyds, and a- 
cids ; it is poflible, that they previoufly lofe a 
part either of their hydrogen and carbon, and 
that the remaining ingredients no longer exift in 
the proportions neceflary to conftitute oils. We 
fill require farther experiments to elucidate 
thefe points. 

Properly fpeaking, we are only acquainted 
with one compound radical from the mineral 
kingdom, the nitro-muriatic, which is formed 
by the combination of azot with the muriatic 
radical. The other compound mineral acids 
have been much lefs attended to, from their pro- 
ducing lefs ftriking phenomena. at 


SECT. 111.—Ob/ervations upon tbe Combination of 
Light and Caloric with different Subflances. 


I have not conftruéted any table of the com- 
binations of light and caloric with the various 
fimple and compound fubftances, becaufe our’ 

conceptions 
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conceptions of the nature of thefe combinations 
are not hitherto fufficiently accurate. We 
know in general, that all bodies in nature are 
imbued, furrounded, and penetrated in every : 
Way with caloric, which fills up every interval 
left between their particles; that, in certain 
cafes, caloric becomes fixed in bodies, fo as to 
conftitute a part even of their folid fubftance, 
though it more frequently aëts upon them with 
a repulfive force, from which, or from its ac- 
cumulation in bodies to a greater or leffer de- 
gree, the transformation of folids into fluids, 
and of fluids to aëriform elafticity, is entirely 
owing. We have employed the generic name 
gas to indicate this aëriform ftate of bodies pro- 
duced by a fuflicient accumulation of caloric; 
fo that when we wifh to exprefs the aëriform 
ftate of muriatic acid, carbonic acid, hydrogen, 
water, alcohol, &c. we do it by adding the word 
gas to their names ; thus muriatic acid gas, car- 
bonic acid gas, hydrogen gas, aqueous gas, alco- 
holic gas, &c. 

The combinations of light, and its mode of 
ating upon different bodies, are ftill lefs known 
than thole of caloric. By the experiments of 
Mr Berthollet, it appears to have great affinity 
- with oxygen, is fufceptible of combining with it, 
and con:ributes along with caloric to change 
it into the ftate of gas. Experiments upon ve- 
getation give realon to believe that light com- 

bines 
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bines with certain parts of vegetables, and that 
the green of their leaves, and the various co- 
lours of their flowers, are chiefly owing to this 
combination. This much is certain, that plants 
wbich grow in darknefs are perfe@ly white, 
Janguid and unhealthy, and that to make them 
recover vigour, and to acquire their natural co- 
lours, the dire influence of light is abfolutely 
neceffary. Somewhat fimilar takes place eyen 
upon animals: Mankind degenerate to a cer- 
tain degree when employed in fedentary ma- 
nufactures, or from living in crowded houfes, or 
in the narrow lanes of large cities; whereas 
they improve in their nature and conftitution in 
moft of the country labours which are carried 
on in the open air. 

Organization, fenfation, fpontaneous motion, 
and all the operations of life, only exift at the 
furface of the earth, and in places expofed to the 
influence of light. Without it nature itfelf would 
be lifelefs and inanimate. By means of light, 
the benevolence of the Deity hath filled the 
furface of the earth with organization, fenfation, 
and intelligence. The fable of Promotheus 
might perhaps be confidered as giving a hint of . 
this philofophical truth, which had even pre- 
fented itfelf to the knowledge of the ancients. 

I have intentionally avoided any difquifitions 
relative to organized bodies in this work, for 

which 
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"T Simple Sub. À | Second degree of oxygenatio®, d | Third degree of oxygenation. 
, _ftances. New Names, Old Names, ! | [= New Names. | Old Names. | ___New Names. | Old Names. 
i Caloric - Oxygen gas Le VA A Le Hi D | | | | 
Hydrogen {| Water | "4 | | 
Ne À 1 1 ; ? à { 
Azot - LA ie] SFA Nitrous gas or aig. Nitrous acid . Smoaking nitrous acid À Nitric acid -  ÿ Pale, or not fn 
| AE s pus gas {] | | | d À 198 nitrous acid go 
Combina- ! Carbon - j tod ee ÿab l Ven à Unknown = 24 Carbonous acid “ Unknown 241 Carbonic acid - : | Fixed air -; CM 
Bons of ox Rae DOxyd'offülphur . 7 Soft (lon 7 {Son id + | Sulph id _- Evil 
EU A ee AS ER 
_ + {ple non-me- } Phofphorus | Oxyd of phofphorus : L F Phofphorous acid - P°0/P Phofphoric acid 1 Phofphoric acid 10 
EU ne dé | buftion of phofphbrus us - = ï PE P 
| |Rances. Rate FE ÉMuriatic oxÿd  - | Unknown  . 1 : ‘Muriatous acid : - | Unkuown »  Muriaticacid + Marine acid | ù 
| | EE radi- Fluoric oxyd js < | Unknown à N. | Fluorous acid -. | Unknown =. Fluoric’acid - | Unknown till lately | Du 
76 AE x ‘4 | : É. 
NOT TR La Es LBoracie cxyd nf: | Unknown  - M | Boracous acid  - | Unknown - | Boracic acid - : ne fais | ch 
m |’ f Antimony | Grey oxyd of antimonÿ | Grey calx of antim ny | White oxyd of antimony À none AE Antimonic acid | 
ÉRL FH | Cao NET CAx offer 2 | RARE : e È = ! Argentic acid + e 
| Arfenic_ Grey oxyd of arfenic Grey calx of arfenie White oxyd of arfenic White calx of arfenic Arfeniac acid - | Acid of arfeni 
£ } | Bifmuth - | Grey oxyd of bifmuth Grey calx of bifmuth White oxyd of bifmuth | White calx of bifinuth, Bifmuthie Du Si Fe ns Oxygen 
r | Cobalt - Grey oxyd of cobalt Grey calx of cobalt ON SES Te = 00 EE Cobaltic acid | 
| | Copper - | Brown oxyd of copper | Brown calx of cop} dE jo BAEEA He of A PRE por Cupric acid | 
| | MONS = | Grey oxydoftin - | Grey calx of tin | White oxyd oftin - fe tin, or { Rene id | | | ’ d 
. Combina- | Iron Black oxyd of iron Martial ethiops. b je end red Doi LU Fochre and ruft ofiron | Ferric acid d | 
PA Se E Manganefe | Black oxyd of manganefe | Black calx of manganefe | Whiteoxydofmanganefe | nor si of me Manganic acid | | 
| 7 LM ’urbith mineral,red pre: : | 
| M Fou, | Mercury | Black oxyd of mercury | Ethiops Mineral to Y Ron red pue ce cipitate, cali mer- Fire acid | ; 
* Gen | 14 k Cury, précipitate per / | | (el 
| Molybdena | Oxyd of molybdena | Calx of molybdena RE LD Me Eee . - Molybdicacid - Acid of.molybdena | Oxygenated molybdic acid 
| Nickel - Oxyd of nickel Calx of nickel | MER AT PS | SAN e °c Nickolic acid | si 
h | ; ; le. | ï pee calx of gold, purple : 11 | 
“DA cas ; | Yellow oxyd of gold | Yellow calx of gold Red oxyd of gold precipitate of Callius Auric acid - | à 
Platina - Yellow oxyd of platina | Yellow calx of platna - RME AIT AMR 2300 2 RS Platine | | 
Lead’; Grey oxyd of lead Grey calx of lead . ee speed CRTRE 9° Etañcot and minium Plumbic acid | | ; 
| Tungftein Oxyd of tungftein Calx of tungftein M. | = (NS RARE M à no Tungltic acid - | Acid of tungftein | Oxygenated tungftie acid. 
{Zinc - Grey oxyd of zinc Grey calx of zine | White oxyd of zinc - | Re acid | | . 
EX, Only one degree of Oxygenation of hydrogen is hitherto known.—As : 


 { 

Ÿ As all the metals, in the oxyd ftate, are capable of aéting in combinälions in a fimilar manner with alkalies and earths, and as the lait, though difcovéred'to be compounds, are, in the new nomenclature, 

L minine Latin terms, it would be very convenient to diftinguifh the oxydMlate of each metal in general, from its reguline ftate, fimply by changing the gender ; thus Antimonium is the fimple or reguline 
might indicate the oxyd flate in general : any farther diftinétion of the ox ds may be formed as in the table. This propofed alteration is in perfect conformity with the principles of the new nomenelature, and 
guage without introducing any ambiguity of exprefion.—T. , 


Ÿ Ethiops mineral is tbe black fulphuret of Mercury ; this fhould Havelbeen called, for the old name, black precipitate of mercury.—"]". 
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which reafon the phenomena of refpiration, fan- 
guification, and animal heat, are not confidered ; 
but I hope, at fome future time, to be able to 
elucidate thefe curious fubjeéts. fr 

{ 


SECT. IV.—Obférvations upon the Combinations 
of Oxygen with the fimble Subftances. 


Oxygen forms almoft a third part of the mafs 
of our atmofphere, and is confequently one of 
the moft plentiful fubftances in nature. AI 
animals and vegetables live and grow in this 
immenfe magazine of oxygen gas, and from it 
we procure the greateft part of what we employ 
in experiments. So great is the reciprocal af: 
finity between this element and other fubftances, 
that we cannot procure it entirely difengaged 
from combination. In the atmofphere it is uni: 
ted with caloric, in the ftate of oxygen gas, and 
this again is mixed with about twice its weight 
of azotic gas, 

several conditions are requifite to enable a 
body to become oxygenated, or ta permit oxy- 
ge to enter into combination with it. In the 
firft place, it is neceffary that the particles of 
the body to be oxgenated fhall have lefs reci- 
procal attraction with each other than they 
have for the oxygen, which otherwife cannot 
pofibly combine with them. Nature, in this 
cafe, may be aflifed by art, as we have it in our 

power 
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power to diminifh the attraction of the parti: 
cles of bodies, almoft at will, by heating them, 
or, in other words, by introducing caloric into 
the interftices between their particles ; and, as 
the attraction of thefe particles for each other 
is diminifhed in the inverfe ratio of their dif- 
tance, it is evident that there muft be a certain 
point of diftance of particles when the aflinity 
they poflefs with each other becomes lefs than 
that they have for oxygen, and at which oxyÿ- 
genation muft neceflarily take place if oxygen 
be prefent. 

We can readily conceive, that the degree of 
heat at which this phenomenon begins muft be 
different in different bodies. Hence, on pur- 
pofe to oxygenate moft bodiés, efpecially the 
greater part of the fimple fubftances, it is onlÿ 
neceffary to expofe them to the influence of the 
air of the atmofphere, in a convenient degree of 
temperature. ‘With refpeét to lead, mercury, 
and tin, this requires to be but a little higher 
than the medium temperature. of the earth ; 
but it requires a more confiderable degree of 
heat to oxygenate iron, copper, &c. by the dry 
way, or when this operation is not aflifted by 
moifture. Sometimes oxygenation takes place 
with great rapidity, and is accompanied by great 
fenfible heat, light and flame; fuch is the com- 
buftion of phofphorus in atmofpheric air, and 
of iron in oxygen gas. ‘That of fulphur is lefs 

rapid ; 


OF CHEMISTRY. 303 


rapid ; and the oxygenation of lead, tin, and moft 
of the metals, takes place vaftly flower, and con- 
fequently the difengagement of caloric, and more 
efpecially of light, is hardly fenfible. 

: Some fubftances have fo ftrong an affinity for 
oxygen, and combine withit in. fuch low.de- 
grees of temperature, that we cannot procure 
them in their unoxygenated ftate ; fuch 1s the 
muriatic acid, which has not hitherto been de- 
compofed by art*, perhaps even not by nature, 
and which confequently has only been found in 
the ftate of acid. It is probable that many other 
fubftances of the mineral kingdom are necefla- 
rily oxygenated in the common temperature of 
the atmofphere ; and that, being already fatura- 
ted with oxygen, their farther action upon that 
element is thereby prevented. 

There are other means of oxygenating fimple 
fubftances, befides expofure to air in a certain 
degree of temperature ; fuch as by placing them 
in contaét with metals combined with oxygen, 
and which have little afinity with that element. 
The red oxyd of mercury is one of the beft fub- 
fiances for this purpole, efpecially with bodies 
which do not combine with that metal. In this 
oxyd the oxygen is united with very little force 

to 


* The real or fuppofed difcovery of the bafe of this 
acid has been mentioned in fome former notes.—T. 
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to the metal, and can be driven oùt by a degreëé 
of heat ‘only fufficient to make glafs red hot; 
wherefore, fuch bodies as are capable of uniting 
with oxygen are readily oxygenated, by means 
of being mixed with red oxyd of mercury, and 
then moderatelÿ heated. The fame effet may 
be, to a certain degree, produced by means of. 
the black oxyd of manganefe, the red oxÿd of 
lead, the oxyds of filver, and by moft of the me- 
tallic oxyds, if we only take care to choofe fuch 
as bave lefs affinity with oxygen than the bodies 
they are meant to oxygenate. All the métallic 
reductions and revivifications belong to this clafs 
of operations, being nothing more than oxyge- 
nations of carbon, by means of the féveral me- 
tallic oxyds. ‘Tlhe carbon of thé charcoal em- 
ployed for this reduétion, combines with the 
oxygen and with caloric, and efcapes in form 
of carbonic acid gas ; while the metal remains 
pure and revivified, or deprived of thé oxygen, 
which before Combined with it in the form of 
St US | | 
All combuftible fubftances may likewife be 
oxygenated by means of mixing them with ni- 
trat of potafh or of foda, or with oxygenated 
,muriat of potafh, and fübjecting the mixture to 
a certain degree of heat; the oxygen, in this 
cafe, quits the nitrat or the muriat, and com- 
bines with the combuftible body. This fpecies 
of oxygenation requires to be performed with 
extreme 
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extreme caution, and only with very fmall quan- 
tities ; becaufe, as the oxygen enters into the 
compofition of nitrat:, and more efpecially of 
oxygenated muriats, combined with almoft as 
much caloric as is neceflary for converting it 
into oxygen gas, this immene quantity of calo- 
ric becomes fuddenly free, the inftant of the com- 
bination of the oxygen with the combuftible bo: 
dy, and produces fuch violent explofons as are 
perfeétly irrefiftible. 

By the humid way we can oxygenate moft 


combuftible bodies, and convert moft of the : 


oxyds of the three kingdoms of nature into acids. 
For this purpofe we chiefly employ the nitric 
acid, which has a very flight hold of oxygen, and 
quits it readily to a great number of bodies, by 
the affiftance of a gentle heat. The oxygenated 
muriatic acid may be ufed for feveral operations 
of this kind, but not in them all. 

I give the name of binary to the combinations 


of oxygen with the fimple fubftances, becaufe in 


“thefe only two elements are combined. When 
three fubftances are united in one combination, 1 
call it ternary ; and quaternary when the combi- 
pation confifts of four fubitances united. 


Vor. I. U TABLE 


s$ 
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TABLE of the Combinations of Oxygen, with tbe 


Compound Radicals. 

Names of the Ra- Names of tbe refulting Acids. 

dicals. New Nomenclature. Old Nomenclature. 
Nitro LNitro-muriatie acid Aqua regia. 

radical $. "ee 

* 

Tartaric Tartarous acid Unknowntill lately. 
Malic . Malic acid Ditto. 
Citric Citric acid Acid of lemons. 
Pyro-lignous Pyro-lignous acid ASS RE acid of 
Pyro-mucous  Pyro-mucous acid.  Empyr. acid of fugar. 
Pyro-tartarous … Pyro-tartarous acid Empyr. acid of tartar. 
Oxalic Oxalic acid Acid of forrel 
| : * Vinegar, or acid of vi- 
Atètié \ Acetous acid j negar. 

Acetic acid Radical vinegar. 
Succinic : Succinic acid Volatile falt of amber. 
Benzoic Benzoic acid Flowers of benzoin. 
Camphoric Camphoric acid Unknown till lately. 
Cäflic? Gaälic véid $ The aftringent princi- 

ple of vegetables. 
La@tic La@ic acid Acid of four whey. 
Saccholaétic Saccholaëic acid Unknown till lately. 
Formic Formic acid Acid of ants. 
Bombic Bombic acid Unknown till lately. 
Sebacic Sebacic acid Ditto. 
Lichic Lithie acid Urinary calculus. 
Prueba: PrPÉr 454 Pen À 

SECT. 


#* Thefe radicals by a firft degree of oxygenation form 
vegetable oxyds, a5 fugar, Rareb, mucus, &c.—A. 


‘#+ Thele radicals by à firft degree of oxygenation form 
the animal oxyds, as lymph, and part of the blood, ani- 
mal fecretions, &e.—AÀ. 
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Seor. V.—Obférvations upon the Combinations of 
Oxygen with the Compound Radicalr. 


I publifhed a new theory of the nature and 
formation of acids in the Memoirs of the Aca- 
demy for 1776, p. 671. and 1778, p.535. in 
which I concluded, that the number of acids 
muft be greatly larger than was till then. fup- 
pofed. Since that time, a new field of inquiry 
has been opened to chemifts; and, inftead of 
five or fix acids, which were then known, near 
thirty new acids,have been difcovered, by which 
means the number of known neutral falts have 
been increafed in the fame proportion. The 
nature ofthe acidifiable bafes, or radicals of the 
acids, and the degrees of oxygenation they are 
fufceptible of, fill remain to be inquired into. 
1 bave already fhown, that almoft all the OXy- 
dable and acidifiable radicals from the mineral 
kingdom are fimple, and that, on the contrary, 
there hardly exifts any radical in the vegetable, 
and more efpecially in the animal kingdom, but 
is compoled of at leaft two fubftances, hydro- 
gen and carbon, and that azot and phofphorus 
are frequently united to thefe, by which we have 
compound radicals of two, three, and four bafes 
or fimple elements united, 


U 2 From 
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From thefe obfervations, it appears, that the 
vegetable and animal oxyds and acids may dif- 
fer from each other in three feveral ways ; ac- 
cording to the number of fimple acidifiable ele- 
ments of which their radicals are compofed ; 
according to the proportions in which thefe 
are combined together ; and according to their 
different degrees of oxygenation : Thefe circum-. 
flances are more than fufficient to explain the: 
great variety which nature produces in thefe: 
fubftances. Itis not at all furprifing, after this,, 
that moft of the vegetable acids are convertible: 
into each other; nothing more being requifite 
for this purpofe, than to change the propor— 
tions of the hydrogen and carbon in their com-- 
poñition, and to oxygenate them in a greater ON 
- Jeffer degree. This has been done by Mr Crell 

in fome very ingenious experiments, which have 
been verified and extended by Mr Haffenfratz 

From thefe it appears, that carbon and hydro 

gen, by a firit oxygenation, produce tartarou 

acid, oxalic acid by a fecond degree, and acetou 
or acetic acid by athird, or higher oxygenatiom 
only, that carbon feems to exift ina rather fmall 
er proportion in the acetous and acetic acidi 
The citric and malic acids difer little from tk 
preceding acids. 
Ought we then to conclude, that the oïls a 
the radicals of the vegetable and animal acidi 

J have already exprefled my doubts upon til 

fubject 
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fubje&t: For, although the oils appear to'be 
formed of nothing but hydrogen and carbon, we 
do not know if thefe are in the precife proportion 
neceflary for conftituting the radicals of the 
acids ; and, fince oxygen enters into the compo- 
fition of thefe acids equally with hydrogen and 
carbon, there is no more reafon for fuppofing 
them to be compofed of oil rather than of water 
or of carbonic acid. It istrue that they contain 
the materials neceffary for all thele combinations, 
but then thefe do not take place in the common 
temperature of the atmofphere ; all the three 
élements remain combined in a ftate of equili- 
Brium, which is readily deftroyed by a tempera- 
ture only a little above that of boiling water *, 


U 3 | TABLE 


* See Part I. Chap. XII. upon this fubje&.—A, 
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Tasze of the Binary Combinations of Azot with 


tbe Simple Subflances. 
Simple Refults of tbe Combinations. 
Subflances. New Nomenclature, Old Nomenclature. 
: : Phlogifticated air, or 
Caloric Azotic gas, or Âzogas Mephitiss 
Hydrogen Ammoniac, Ammona Volatile alkali. 
{ Nitrous oxyd Bafe of nitrous gas. 
Nitrous acid Smoaking nitrous acid. 
ee Nitric acid Pale nitrous acid. 


L Oxygenated nitric acid. Unknown. 
{ This combination is hitherto unknown: fhould it 
| ever be difcovered, it will be called, according 
€arbon 4 to the principles of our nomenclature, AZuret 
of Carbon. Carbon diffolves in azotic gas, and 
forms carbonated azotic gas. 
Phofphorus Azuret of phofphorus. Sul unknown. 
f Azuret of Sulphur. Still unknown. We know 
Sulphur il that fulphur diffolves in azotic gas, forming 
fulphurated azotic gas. 
{ Azot combines with carbon and hydrogen, and 
€ompound | fometimes with phofphorus, in the compound 
radicals 4 oxydable and acidifiable bafes, and is generally 
contained in the radicals of the animal acids. 
Metallie fus { Such combinations are hitherto unknown : ifever 
: : difcovered, they will form metallic azurets, as 


ftances azurets of gold, of filver, &cc. 


Lime 1 

Magnefa 

Entirely unknown. If ever difcovered, they will 
© form azuret of lime, azuret of magnela, &c. 


| 
(| 
è 
Potafh | 
J 
SECT. 


NoteThe Latin term, in the new namenclature, here tran(… 
Jated Azuret, is Aæuretum, the French of Mr Lavoifier is Azure 35 
1 preferred taking the Englifh from the Latin, becaufe it is thus: 

m 91e: 
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SECcT, VI.—Obfervations upon the Combinations of 
Axot with the Simple Subflances. 


Azot is one of the moft abundant elements: 
combined with caloric it forms azotic gas, or 
mephitis, which compofes nearly two-thirds of 
the atmofphere. ‘This element is always in the 
ftate of gas in the ordinary preflure and tempe- : 
rature, and no degree of compreffñon or of cold 
has been hitherto capable of reducing it either 
to a folid or liquid form. This is likewife one 
of the effential conflituent elements of animal 
bodies in which it is combined with carbon and 
hydrogen, and fometimes with phofphorus; 
thefe are united together along with a certain 
portion of oxygen, by which they are formed 
into oxyds or acids, according to the degree of 
oxygenation. Hence the animal fubftances may 
be varied, in the fame way with vegetables, in 
three different manners; according to the 
number of elements which enter into the com- 

Ù 4 pofition 


more diftinét from other terms : the French terms Azure, 
Sulphure, Phofphure, are not fufficiently diftinguifhable in 
Englifh, from Azure, a colour, Sulphur, and Phofphor, 
which is fometimes ufed for Phofphorus; but Azuret, 
Sulphuret, Carburet, and Phofphuret, which are tranflated 
from Azuretum, Sulpburetum, Carburetum, and Phof. 
phoretum, both anfwer the purpofe of the new nomencla- 
ture completely, and run no hazard of occafoning any 


miltake —T. 
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pofition of the bafe or radical; according to the 
proportion of thefe elements ; and, according to 
the degrees of oxygenation. 

When combined with oxygen, azot forms the 
nitrous and nitric oxyds and acids; when with 
hydrogen, ammoniac is produced. Its com- 
binations with the other fimple elements are ve- 
ry little known; to thefe.we give the name of 
Azurets, preferving the termination in wret for 
all unoxygenated compounds. It is extremely 
probable. that all the alkaline fubftances may 
hereafter be found to belong to this genus of a- 
zurets. 

The azotic gas may be procured from atmo- 
fpheric air, by abforbing the oxygen gas which 
is mixed with it by means of a folution of ful- 
phuret of potafh, or fulphuret of lime. It re- 
quires twelve or fifteen days to complete this 
procefs, during which time the furface in cone 
tact muft be frequently renewed by agitation, 
and by breaking the pellicie which forms on the 
top of the folution. It may likewife be proeu- 
red by diflolving animal fubftances in dilute ni- 
tric acid very little heated. In this operation, . 
the azot is difengaged in form of gas, which 
muft be received under bell-glafles filled with 
water, in the pneumato-chemical apparatus. 
We may procure this gas, by deflagrating nitre 
with charcoal, or any other combuftible fub- 
fance ; when with charcoal, the azotic gas is 

mixed 


D 
Li 
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mixed with carbonic acid, gas, which may be 
abforbed by a folution of cauftic alkali, or°by 
lime-water, after which the azotic gas remains 
pure. We can procure it in a fourth manner 
from combinations of ammoniac with metallic 
oxyds, as pointed out by Mr de Fourcroy : The 
hydrogen of the ammoniac combines with the 
oxygen of the oxyd, and forms water, while the 
azot being left: free efcapes in form of gas. 

The combinations of azot were but lately dif- 
covered : Mr Cavendifh firft obferved it in ni- 
trous gas and acid, and Mr Berthollet in ammo- 
niac and the pruflic acid, As no evidence of 
its decompofition has hitherto appeared, we are 
fully entitled to confider azot as a fimple ele- 
mentary fubftance. 


TABLE 
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TasLe of the Binary Combinations of Hydrogen ait D 
Simple Subflances. à | 


Simple Refulting Compounds. 
Subftances. New Nomenclature. Old Names. 
Caloric Hydrogen gas Inflammable air. 
Azot Ammoniac Volatile alkali. 
Oxygen Water Water. 

Sulphur Hydruret of fülphur, or] 


fulphur of hydrogen 
Hydruret of phofphorus, or 
phofpuret of hydrogen 


Hydro-carbonous, or car- ? Ne L À 
Carbon ; bono-hydrous chat de Not known till late 
Mettallic fub- 


[ Metallic h 
ydruretsi, as : 
ftances, as 4 hydruret. of iron, Éc. JHtierto unknown. 
iron, êtc. 


Hitherto unknown* 
Phofphorus 


SECT. 
# Thefe combinations take place in the flate of gas, and 
form, refpettively, fulphurated and phofphorated hydrogen 
gas.—AÀ. ) 


+ This combination of hydrogen with carbon includes the 
fixed and volatile oils, and forms the radicals of a confider- 
able part of the vegetable and animal oxyds and acids. When 
it takes place in the ftate of gas, it forms carbonated hydro- 
gen gas.—À. 


+ None of thefe combinations are known, and it ts pro- 
able that they cannot exift, at leafl in the ufual ftempera- 
ture of the atmofphere, owing to the great afinity of bydro- 
gen for caloric.—A., 
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SecT. VII.—Obfervations upon Hydrogen, and 
its Combinations with Simple Subfances. 


Hydrogen, as its name expreffes, is one of the 
conftituent elements of water, of which it forms 
fifteen hundredth parts by weight, combined 
with eighty-five hundredth parts of oxygen. 


This fubftance, the properties and even exiftence , 
of which was unknown till lately, is very plen- | 


tifully diftributed in nature, and acts a very con- 
fiderable part in the proceffes of the animal anû 
vegetable kingdoms. As it poñlefles fo great 
affinity with caloric às only to exift in the ftate 
of gas, it is confequently impoflible to procure 
it in the concrete or liquid ftate, independent of 
combination. 

To procure hydrogen, or rather hydrogen 
gas, we have only to fubje& wäter to the aétion 
‘ of a fubftance which with oxygen has a greater 
affinity than it has to hydrogen : by this means 
the hydrogen is fet free, and, by uniting with 
caloric, aflumeés the form of hydrogen gas. Red 
hot iron is ufually employed for this purpole : 
The iron, during the procefs, becomes oxy- 
dated, and is changed into a fubftance refem- 
bling the iron ore from the ifland of Elba. In 
He ftate of oxyd it is much lefs attradible by 

the 
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the magnet, and difflolves in acids’without effer: 
vefcence. 

Charcoal, in a red heat, has the fame power 
of decompofing water, by attracting the oxygen 
from its combination with hydrogen. In this 
procefs, carbonic acid gas is formed, and mixes 
with the hydrogen gas, but is eafly feparated 
by means of water or alkalies, which abforb the 
carbonic acid, and leave the hydrogen gas pure. 
We may likewife obtain hydrogen gas by dif- 
folving iron or zinc in dilute fulphuric acid. 
The two metals decompofe water very flowly, 
and with great difficulty, when alone, but doit 
with great eafe and rapidity when aflifted by ful: 
phuric acid ; the hydrogen unites with caloric 
during the procefs, and is difengaged in form 
of hydrogen gas, while the oxygen of the water 
unites with the metal in the form of oxyd, which 
is immediately diflolved in the acid, forming a 
fulphat of iron or of zinc. 

Some very diftinguifhed chemifts confider hy- 
drogen as the: phlogifion of Stahl ; and as that 
celebrated chemift admitted the exiftence of 
phlogifton in fulphur, charcoal, metals, &c. they 
are of courfe obliged to fuppofe that hydrogen 
exifts in all thefe fubftances, though they can- 
not prove their fuppoñition ; even if they could, 
it would not avail much, fince this difengage- 
ment of hydrogen is quite infufficient to explain 


the phenomena of calcination and combuftion. 
We 
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We muft always recur to the examination of this 
queftion, “ Are the heat and light, which are 
difengaged during the different fpecies of com- 
buftion, furnifhed by the burning body, or by 
the oxygen which combines in all thefe opera- 
tions ?”” And certainly the fuppoñtion of hydro- 
gen being difengaged, throws no light whatever 
upon this queftion.  Befides, it belongs to thofe 
who make fuppofitions to prove them; and, 
doubtlefs, a doctrine which without any fuppofi- 
tion explains the phenomena as well, and as na- 
turally, as theirs does by fuppoñition, has at léaft 
the advantage of greater fimplicity *. 


TABLE 


* Thofe who wifh to fee what has been faid upon this 
great chemical queition by Meff. de Morveau, Berthoilet, 
De Fourcroy, and myfelf, may confult our tranflation of 


Mr Kirwan’s Effay on Phlogiton.—A,. 
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TABLE of the Binary Combinations of Sulpbur with Simple Subflances, 


Simple 
Subflances. 
Caloric 


Oxy gen 


Hydrogen 
Azot 
Phofphorus 
Carbon 
Antimony 
Silver 
Arfenic 
Bifmuth 
Cobalt 
Copper 


Iron 
Manganele 
Mercury 


Molybdena 
Nickel 
Gold 
Platina 
Lead 
Tungftein 
Zanc 


Potafh 
Soda 


Ammoniac 


Lime 


Magnefa 


Barytes 
Argil 


4 Sulphurous acid 


Refuiting Compounds. 


Sulphuric gas 


New Nomenclature. Old Nomenclature. 
f Oxyd of fulphur Soft fulpbur. 
Sulphureous acid. 
LSulphuric acid Vitriolic acid. 


Sulphuret of hydrogen 


. 
azot } Unknown Combi- 
phofphorus 4 nations. 

t 


carbon 

antimony Crude antimony. 

filver : 

arfenic Orpiment, realgar. 

bifmuth | 

cobalt 

copper Copper pyrites. 

tin 

iron Iron pyrites. 

manganefe | 
Ethiops mineral, 

a a à ; cinnabar. 

molybdena 

nickel 

gold 

platina 

lead Galena. 

tungfein 

Zinc Blende. . 
Aïlkaline liver of. 

potafh 4 fulphur with fixed 

vegetable alkali. 

Alkaline liver of! 

foda { fulphur with fixed! 

mineral alkali. . 


# 

Volatile liver of ful-- 

ammoniac phur, fmoaking; 
liquor of Boyle. 


k Calcareous liver off 
lime 


fulphur, 
Magnefian liver ofi 
sc à $ fulphur. 
barytes Barytic liv. of fulph.…. 
argil Yet unknown. 


SECT{ 
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SecT. VIII.—Obfervations on Sulphur and üts 
Combinations. 


Sulphur is a combuftible fubftance, having à 
very great tendency to combination ; it 1s na- 
turally in a folid ftate in the ordinary tempera- 
ture, and requires a heat fomewhat higher than 
that of boïling water to make it liquefy. Sul- 
phur is formed by nature in a confiderable de- 
gree of purity in the neighbourbood of volca- 
noes; we find it likewife, chiefly in the ftate of 
fulphuric acid, combined with argil in aluminous 
fchiftus, with lime in gypfum, &c. From thefe 
combinations it may be procured in the ftate of 
falphur, by carrying off its oxygen by means of 
charcoal in a red heat; carbonic acid is form- 
ed, and efcapes in the ftate of gas ; the fulphur 
remains éombined with the clay, lime, &c. in 
the ftate of fulphuret, which is decompofed by 
acids ; the acid unites with the earth into a neu- 
. tral falt, and the fulphur is precipitated. 


TABLE 


320 ELEMENTS 


Tasce of the Binary Combinations of Phofphorus 
with the S'mple Subjlances. 


Simple Subflances. Refulting Compounds. 


Caloric - - Phofphoric gas. 
f Oxyd of phofphorus. 
Oxygen - . 4 Phofphorous acid. 

L Phofphoric acid. 
Hydrogen - - Phofphuret of hydrogen, 
Azot L Z Phofphuret of azot. 
Suiphur =  - Phoiphuret of fulphur. 
Carbon - - Phofphuret ef carbon. 


Metallic Subflances. Ms of metals #. 
Potafh ;. -: :- 
Soda - - 
Ammoniac - 
Lime ù $ 
Barytes - - | 
Magnefia - cat] 
… Argil - 


Phofpburet of Potafh, 
Soda, &c. f. 


= mm) 


SECT. 


_ # Of all thefe combinations of phofphurus with metals, 
that with iron only is hitherto known, forming the fub- 
ftance formerly called Siderite; neither is it yet afcer- 
tained wbether, in this combination, the phofphorus be 
oxygenated or not.— A. 


+ Thefe combinations of phofphorus with the alkalies 
and earths are not yet known ; and, from the experiments 
of Mr Gengembre, they appear to be impoflible.—A. 
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SEcT. IX.—Obfervations on Phofphorus, and its 
a Combinations. 


Phofphorus is a fimple combuftible fubftance, 
which was unknown to chemifts till 1667, when 
it was difcovered by Brandt, who kept the pro- 

_Cefs fecret ; foon after Kunkel found out Brandts 
method of preparation, and made it public. It 

has been ever fince known by the name of Kun- 

Kels phofphorus. It was for a long time pro- 
cured only from urine; and, though Homberg 

gave an account of the procefs in the Memoirs 

of the Academy for 1692, all the philofophers 

of Europe were fupplied with it from England. 

It was firft made in France in 1737, before a 

committee of the Academy at the Royal Garden. 
At prefent it is procured in a more commodious 

and more economical manner from animal bones, 

which are real calcareous phofphats, according 

to the procefles of Meflts Gahn, Scheele, Rou- 

elle, &c. The bones of adult animals, being : 
_calcined to whitenefs, are pounded, and pañled 
through a fine filk fieve ; upon the fine pow- 
der a quantity of dilute fulphuric acid is pour- 
ed, lefs than is fufficient for diffolving the whole, 
- This acid unites with the calcareous earth of the 
bones into a fulphat of lime, and the phofpho- 
ric acid remains free în the liquor. The liquid 
is decanted off, and the refiduum wafhed with 
Vo. I. Jp + .,; boiling 
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boiling water ; this water which has been ufed 
to wafh out the adhering acid, is joined with 
what was before decanted off, and the whole is 
gradually evaporated ; the diflolved fulphat of 
lime cryftallizes in form of filky threads, which 
are removed ; and, by continuing the evapora- 
tion, we procure the phofphoric acid, under the 
appearance of a white pellucid glafs. When this 
is powdered, and mixed with one-third its weight 
of charcoal, we procure very pure phofphorus, 
by fublimation*. The phofphoric acid, as pro- 
cured by the above procefs, is never fo pure as 
that obtained by oxygenating pure phofphorus, 
either by combuftion or by means of nitric acid ; 
wherefore this latter fhould always be employ- 
ed in experiments of refearch. 

Phofphorus is found in almoft all animal fub- 
ftances, and in fome plants which give a kind 
of animal analyfis. In all thefe it is ufually 

: combined 


*_AÀ very convenient method of procuring phofphorus 
from urine has lately been difcovered. The phofphorie 
acid is precipitated by a folution of acetite of lead, by 
means of a double decompofition ; the lead uniting with 
the phofphoric acid into an infoluble falt which precipi- 
tates, while the acetous acid unites with the alkalinè fub- 
ftarices of the urine and remains diffolved. The phofphat 
of lead is then repeatedly wafhed, and is decompofed by 
means of muriatic acid ; a muriat of lead is formed, which 
is infoluble, and the phofporic acid is found in a liquid 
fate : this is evaporated to drynefs, and, being difoxyge- 
nated by charcoal, in the ufual manner, a Vérÿ PUTE phof- 
phorus fublimes.—T, 
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combined with carbon, hydrogen, and azot, 
forming very compound radicals, which are, for 
the moft paït, in the ftate of oxyds, by a firft 
degrée of union with oxÿgen. The difcovery 
of Mr Haflenfratz, of phofphorus being contain- 
ed in charcoal, gives reafon to fufpeét that it is 
more common in the vegetable kingdom than 
has been generally fuppofed : It is certain, that 
‘by proper procefles, it maÿ be procured from 
every individual of fome of the families of plants. 
As no experiment has hitherto given reafon to 
fufpe, that phofphorus is a compound body, I 
have arranged it with the fimple or elementary 
fubftances. It takes fire at the temperature of 
‘1C4° of the thermometer. 


TasLe of the Binary Combinations of Carbon. 


Simple Refulting Compounds. 
Subflances. New Nomenclature. Old Names. 
Re Oxyd of carbon Unknown *. 

J8< Carbonic acid . Fixed air, chalky acid; 
Sulphur Carburet of fulphur 
Phofphorus  Carburët of seiphorus Fuakaomn. 
Azot Carburet of azot 


Carbono-hydrous radicals 

Fixed and volatile oils 

Of thefe only the éar- 
burets of iron and 
Zincare known, and 
were formerly calla, 
ed Plumbago. 


Pre and F Cärbutet of potalb, &c. Uhknown. 
*X a SECT+ 


* From late experiments, it appears that charcoal is 
an oxyd of carbon.—T,. 


Hydrogen 


Metallic Sub. 7 Carburets of the feveral 


faces . metals 
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SECT: X.—Obfervations upon Carbon, and its 
Combinations with Simple Subfiances. 


As carbon has not been hitherto decompo- 
{ed, it muñt, inthe prefent ftate of our know- 
ledge, be confidered as a fimple fubftance. By 
modern experiments, it appears to: exift ready 
formed in vegetables ; and Æ have ‘already re- 
marked, that, in thefe, it'is combined with hy- 
drogen, fometimes with azot and phofphorus, 
forming. compound -radicals, which :may, be 
changed into oxyds or acids, ‘according to their 
degrees of oxygenation. 

To obtain the carbon * contained in vegeta- 
ble or animal fubftances, we fubjeët them to the 
action of fre, at firft moderate, and afterwards 
very ftrong, on purpofe.to drive of the laft por- 
tions of water, which adhere very obftinately. 
For chemical purpofes, this is ufually done in 
retorts of ftone-ware orporcelain, into which the 
wood, or other matter, Is introduced, and then 

| placed in a reverberatory furnace, raifed gra- 
dually to its greateft heat : The heat volat:zes,. 
7 OT 


* It is neceffary to repeat, that carbon is ufed to denote 
tbe pure fimple elementarÿ fubitance, while'‘charcoal fig- 
nifes that fubitance, united with fome fmall portions of 
éarth and falts, as procured from végetable and animal 
bodies by burning, or by diftillation in a red heat.—T, 
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or changes into gas, all the parts of the body 
fufceptible of combining with caloric into that 
form ; and the carbon, being more fixed in its 
nature, remains in the retort, combined with 2 
little earth and fome fixed falts, in the form ge- 
nerally known by the name of charcoal. 

In the bufinefs of charring wood, this is done 
by a lefs expenfive procefs. The wood is dif- 
pofed in heaps regularly arranged, and covered 
with earth, fo as to prevent the accefs of any 
more air than is abfolutely neceflary for fupport- 
ing the fire, which is kept up till all the water 
and oil is driven off, after which the fire is ex- 
tinguifhed by fhutting up all the air-holes, 

We may analyze charcoal either by combuftion 
in air, or rather in oxygen gas, or by means of 
nitric acid: In either cafe we convert its pure 
carbon into carbonic acid ; and fometimes a 
little potafh and fom: neutral falts remain. This 
analyfis has been hitherto but little attended to 
by chemifts ; and we are not even certain if pot- 
. afh exifts in charcoal before combuftion, or whe-. 
ther it be formed by means of fome unknown 
combination during that procefs. 

 Charcoal *, purified äs above directed, was 
fuppofed to confift almoft entirely of carbon, in 
a perfe@ly pure and uncombined ftate, 28 parts 

X 2 of 


* Thefe obfervations on charcoal, diamond, &c. are 
added in this edition by the Tranflator.—T,. 
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of which, combined with 72 parts of oxygen, | 
formed 100 parts of carbonic acid. Later ex- 
periments, however, have fhewn, that the pureft 
charcoal confifts of carbon in a ftate of oxyda- 
tion, and that diamond is carbon in a perfect 
ftate of purity. By thefe experiments, it ap- 
pears that 17.8 parts of diamond and 82.r of 
oxygen form 100 parts of carbonic acid. Hence 
the 28 parts of carbon, formerly fuppofed to con- 
ftitute the bañs of carbonic acid, contain only 
17.9 parts of pure carbon, and 10.1 of oxygen, 
in 28 parts: or 100 rarts of the moft perfeétly 
purified charcoal confift of 64.3 of carbon, uni- 
ted or oxydated by 35.7 parts of oxygen. 

“ Plumbago or graphite, ufually called black 
lead, is carbon lefs oxydated than in the ftate 
of charcoal, and containing a fmall portion of 
oxyd of iron. What is called incombuftible 
coul, the charry refiduum from animal fubftan- 
ces, and the coak or charcoal produced from 
mineral coal, are likewife compofed of carbon 
lefs oxydated than the charcoal of wood.” 


Secr. XI.—Obférvations upon the Muriatic, Flu- 
Orîc, and Boracic Radical, and their Combina- 
tions. 


As the combinations of thefe fubftances, ei- 
ther with each other, or with the other combuf- 
tible 
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tible bodies, are hitherto entirely unknown, we 
have not attempted to form any table for their 
nomenclature. We on!y know that thefe radi- 
cals are fufceptible of oxygenation, and of form- 
ing the muriatic, fluoric, and boracic acids : and 
that, in the acid ftate, they enter into a number 
of combinations, to be afterwards detailed. Che- 
miftry has hitherto been unable to difoxyge- 
pate any of them, fo as to exhibit them ina 
fimple ftate. For this purpofe, fome fubftance 
muft be employed, to which oxygen has a ftrong- 
.€r affinity than to their radicals, either by means 
of fingle affinity, or by double eleétive attrac- 
tion. All that is known relative to the origin 
of the radicals of thefe acids, will be mentioned 
in the fe@ions fet apart for confidering their 
. combinations with the falifiable bafes. 


SecT. XII.—Ob/fervations upon the Combinations 
of Metals with each other. 


Before clofing our account of the fimple or 
elementary fubftances, it might be fuppofed ne- 
ceffary to give a table of alloys or combinations 
of metals with each other; but, as fuch a table 
would be both exceedingly voluminous and very 
unfatisfactory, without going into a feries of 
experiments not yet attempted, 1 have thought 
it advifable to omit it altogether. All that is 

| X 4 neceflary 
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necefflary to. be mentioned is, that thefe alloys 
. fhould be named according to the metal in Jar 
geft proportion in the mixture or combination 3 
thus the term 4/loy of gold and filver, ox, gold.al- 
loyed with filver, indicates that gold is the pre 
dominating metal. : 

Metallie alloys, like all other combinations, 
have a point of faturation ; it would even ap 
pear, from the experiments by Mr de la Briche, 
that they have two perfectly diftinét degrees of 
faturation, 
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Tasue of the Combinations of Axot, in the Jtate of Ni- 
. trous Acid, ‘with the Salifiable Bafes, arranged accord- 
ing to the Affinities of thefe Bafes with the Acid. 


ames of the Names of the Neutral Salts. 
Bafes. New Nomenclature. Notes. 
rytes Nitrite of barytes. 
otafh - potafh. Thefe falts are on- 
oda foda. ly known of late, and 
ime lime. < have received no par- 
agnefia magnefia. | ticular names in the old 
mmoniac Ammoniac. nomenclature, 
rgil argil. 





As metals, diflolve. 
both in nitrous and 
nitric acids, metallic 











pesi eue Se falts muft of confe- 
manganefe manganefe. quence be formed ha- 
cobalt cobalt. | ving different degrees 
nickel . NL of oxygenation. Thofe 
lead bad. wherein the metal is 
tin tin. leaft oxygenated muft 
copper copper. | be called Nitrites, and 
bifmuth bifmuth. when more fo Nitrats ; 
agtimony antimony. but the hmits of this 
arfenic nc. diftinétion are diffcult- 
mercury mercury. ly afcertainable, The 


older chemifts were not 

acquainted with any of 
’ .. Lthefe falts. 

.» filver $ It is extremely probable, that gold, filver, and 





gold platine, only form nitrats, and cannot fubfift in 
platina (thé flate of nitrites. 


Tage 
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Baÿes. New Nomenclature. Old Nomenclature. 
: 5 Nitre, with a bafe 0 
Barytes Nitrat of barytes heu ect. 
Nitre, faltpetre, Nitr 
Potaih potafh with bafs- of potafh. 
Quadrangular nitre, 
Soda foda Nitre with bafe 
mineral aikali. 
Strontites ftrontites Unknown. 
Calcareous nitre. Ni:s 
: à tre with calcareouss 
Lime lime bafe, Mother-water a 
nitre, or of faltpetre. 
Magnefan nitre, Nitres 
Magnefia magnefia ut bafe of magnefa... 
Ammoniac ammoniac _ÂAmmoniacal nitre. 
[ Nitrous allum, Argil-- 
: : laceous nitre, Nitres 
Argil argil with bafe of earth off 
allum. - 
Oxyd of zinc zinc Nitre of zinc. 
ua PAT Nitre of iron, Martiall 
nitre, Nitrated iron. 
manganefe menganefe  Nitre of manganefe. 
cobalt cobalt Nitre of cobalt. 
nickel nickel Nitre of nickel. 

Saturnine nitre, Nitre: 
lead lead j of lead. 
tin tin © Nitre of tin. 

Nitre of copper, or of! 
coppèr copper Pan 
bifmuth bifmuth Nitre of bifmutb. 
antimony antimony Nitre of antimon y. 
arfenic arfenic Arfenical nitre. 
mercury mercury Mercurial nitre. 

Nitre of filver, or of. 
filver filver luna, Lunar Cauftic. 
gold gold Nitre of gold. 
platina platina Nitre of platina. 
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TABLE of the Combinations of Azot, completely faturated uni 
Oxygen, in the Jrate of Nitric Acid, with the Salifiable Bafe 
in the Order of their Affimty with that Acid. 


Names of the refulting Neutral Salts. 
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SecrT. XIII.—Ob/féervations upon the Nitrous aud 
Nitric Acids, and their Combinations. - 


The nitrous and nitric acids are procured 
from a neutral falt long known in the arts un- 
der the name of Jaltpetre. This falt is extra- 
ed by lixiviation from the rubbifh of old build- 
ings, from the earth of cellars, fiables, or barns, 
and in general of all inhabited places *. In thefe 
earths the nitric acid is ufuallÿ combined with 
lime and magnefia, fometimes with potafh, and 
rarely with argil. As all thefe falts, excepting 
the nitrat of potafh, attract the moifture of the 
air, and confequently would be difhcultly pre- 
ferved, advantage is taken, in the manufadures 
of faltpetre, and in the royal refining houle, of 
the greater affinity of the nitric acid to potafh 
than thefe other bafes, by which means the lime, 
magnefa, and argil, are précipitated, and all 
thefe nitrats are reduced to the nitrat of potafh, 
or faltpetre. 

© The nitric acid is procured from this falt by 
means of diftillation. Three parts of pure falt- 
petre 


* Saltpetre is likewife procured in large quantities by 
Exivianng the natural foil in fome parts of Bengal, and of 


the Ruflan Ukrain.—T, 
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petre are decompofed by means of one part of 
concentrated fulphuric acid, in a retort with 
Woulfes apparatus, (PI. IV. Fig. 1.) having. 
its bottles half filled with water, and all its 
joints carefully luted: the nitrous acid pañles 
over in form of red vapours furcharged with nie 
trous gas, or, in other words, not completely 
faturated with oxygen. Part of the acid con- 
denfes in the recipient, in form of a dark orange 
red liquid, while the reft combines with the 
water in the bottles: During the diftillation, 
a large quantity of oxygen gas efcapes, owing 
to the greater affinity of oxygen to caloric, 
in a high temperature, than to nitrous acid, 
though in the ufual temperature of the atmo- 
fphere this affinity is reverfed. It'is from the 
difengagement of oxygen that the nitrie acid 
of the neutral falt is in this operation converted 
into nitrous acid *, It is brought back to the 
ftate of nitric acid by heating over a gentle fire, 
which drives off the fuperabundant nitrous gas, 
and leaves the nitric acid much diluted with 


water. 
Nitric 


* It js evident, that in this operation, there is a very 
gréat lofs of nitric acid: as, from the difengagernent. of 
oxygen, we cannet pofhbly procure near the fame quan- 
tity of nitric acid by diflillation, that exifted in the com 
bined ftate in the nitre.—"T. 
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Nitric acid: is procurable in a more concen- 
trated ftate, and with much lefs lofs, by mixing 
very dry clay with faltpetre, : This mixture 
is put into an earthen retort, and diftilled with 
ftrong fire: the.clay combines with the potafh, 
for which: it has great affinity, and -the, nitriç 
acid :pafles over, flightiy impregnated with.mi- 
trous «gas... This 4s eafily difengaged by, heat: 
ing the äcid -gently in a retort, a {mall quantity 
of nitrous gas pales over-into the recipient, and 
verÿ pure: eanéntrateé: nitric acid remains in 
the retort. St4 : 

We have already feen,. that azot is ion ae 
radical. :::1f to 202 parts by weight, :of azot, 
432 parts of oxygen .be added, 64 parts of:ni- 
trous gas are formed; and, if to this we join 36 
additional: parts of oxygen,:100 parts of nitrie 
acid refult fromthe combination.  Intermediate 
quantities of oxygen, between thefe. two ex: 
tremes ‘of ‘oxygenation, produce; different: {pe< 
cies of nitrous acid ;: or,cin other words; :nitrici 
acid lefs or more impregnated with nitrous gas; 
L'afcertained:the above proportions by means of 
. decompofition; and though FE cannot anfwer for 
their abfolute accuracy, they cannot be far re- 
moved from truth. Mr Cavendifh, who firft 
fhewed by fynthetic experiments, that azot 18 
the bafe of nitric acid, gives the proportions of 
. azot a little larger than. I have done; but, as it 
1 not improbable that he produced-the nitrous 


“acid, 
| 4 
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acid, añd not the nitric, that circumftance ex- 
plains in fome degree the difference in the re: 
fults of our experiments. 

As, in all experiments of a philofophical na- 
tre, the utmoft poflible degree of accuracy is 
required, we muft procure the nitric acid for 
experimental purpoles, from nitre which has 
been previoufly purified from all foreign mat- 
ters. If, after diftillation, any fulphuric acid is 
fufpeted in the nitric acid, it is eafily feparated 
by dropping in a little nitrat of barytes, fo long 
as any precipitation takes place; the fulphuric 
acid, from its greater affinity, attraëts the bary- 
tes, and forms with it an infoluble neutral falt, 
which falls to the bottom. It may be purified 
in the fame manner from muriatic acid, by 
dropping in a little nitrat of filver, fo long as any 
precipitation of muriat of filver is produced. 
When thefe two precipitations are finifhed, dif- 
til off about feven-eights of the acid bÿ a gentle 
heat, and what comes over is in n the moft perfeét 
degree of purity. 

Fhe nitric acid is remarkably prone to com- 
bination, and is at the fame time very eafly 
decompofed.  Almofît all the fimple fubftances, 
with the exception of gold, filver, and platina, 
rob it lefs or more of oxygen; fome of them 
even decompofe it altogether. It was very an- 
ciently known, and its combinations have been 
mure fiudied by chemifts than thofe of any 

other 
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other acid. ‘lFhefe combinations were named 
nitres by Meffrs Macquer and Beaumeé ; but we. 
have changed their names to nitrats and nitrites, 
according as they are formed by nitric or by ni- 
trous acid, and have added the fpecific name of 
each particular bafe, to diftinguifh the feveral 
combinations from each other. 


Tasct 
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Tage of theiCombinations of Sulpburic Acid wiib 
-æbe Salifiable Bafos, in the order of Affinity. 


$ 
Names J the Bafes- 


Barytes Sulphat of barytes 


Strontites 
Potafh 
Soda 


Lime 
Magneña . 


Ammoniac 


Argil 


Oxyd of zinc 


_ iron 


manganefe 
cobalt 
nickel 
lead 

ün 


copper 


bifmuth 
antimony 
arfenic 
mercury 
filver 
gold 
platina 


Rclulting Compounds. 


New Nomenclature. Od Nomenclature. 


Heavy fpar, Vitriol of 
heavy earth. 


| flrontites . Unknown. 
Vitriolated tartar, 9al 
potafh de duobus, Arcanum 
LU  duplicatum. 
foda Glaubers falt. 


Te $ Sclenite, gyplum, cal- 
À  careous vitriol. 

MAÉ a: Epfom falt, Sedlitz falt, 

sie Magnefian vitriol. 


Glaubers fecret fal am- 
3 


ammoniac à . 
moniac. 
argil Alum. 
White vitriol, Goflar vi- 
zinc 4 trio, White coperas, 


LU  Vitriol of zinc. 
Green coperas, Green 
iron vitriol, Martial vitriol, 
LU  Vitriol of iron. 
manganefe  Vitriol of manganefe. 


cobalt Vitriol of cobalt. 
nickel Vitriol of nickel. 
lead Vitriol of lead. * 
un Vitriol of tin. 
f Blue coperas, Blue vi- 
copper $  triol, Roman vitriol, 


Vitriol of copper. 
bifmuth Vitriol of bifmuth. 
antimony Vitriol'of antimony. 


arfenic Vitriol of arfenic. 
mercury Vitriol of mercury. 
filver Vitriol of filver. 
gold Vitriol of gold. 
platina Vitriol of platina. 


- SECT. 
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Secr. XIV.—Obfervations upon Sulphuric Acid, 
x and its Combinations. 


For à long time this acid was procured by 
diftillation from fulphat of iron, in which ful- 
phuric acid and oxyd of iron are combined, 
according to the procefs defcribed by Bafl Va- 
lentine in the fifteenth century; but, in mo- 
dern times, it is procured more economically 
by the combuftion of fulphur in proper veffels. 
Both to facilitate the combuftion, and to aflift 
the oxygenation of the fulphur, a little powder- 
ed faltpetre, or nitrat of potafh, is mixed with 
it; the nitre is decompofed, giving out its oxy- 
gen to the fulphur, and contributes to its con- 
verfion into an acid. Notwithftanding this ad- 

: dition, the fulphur will only continue to burn, 
in clofe veffels, for a limited time ; the combina- 
tion foon ceafes, becaufe the oxygen is exhauft- 
ed, and the air of the veffels is reduced almoft to 
pure azotic gas ; and becaufe the acid itfelf re- 
mains long in the ftate of vapour, and hinders 

- the progrefs of combultion. 

In the manufaétories for making fulphuric 
acid in the large way, the mixture of nitre and 
fulphur is burnt in large clofe-built chambers, 
lined with lead, having a Little water at the bot- 
tom, for facilitating the condenfation of the va- 
pours. Afterwards, by diftillation in large re- 

Vox. I. Y torts 
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torts with a gentle heat, the water pañles over, 
flightly impregnated with acid, and the fulphu- 
ric acid remains behind in a concentrated ftate. 
It is then pellucid, without any flavour, and 
nearly double the weight of an equal bulk of 
water. This procefs would be greatly facili- 
tated, and the combuftion much prolonged, by 
introducing frefh air intothe chambers, by means 
of feveral pairs of bellows directed towards the 
flame of the fulphur, and by allowing the nitrous 
gas to efcape through long ferpentine canals, in 
contact with water, to abforb any fulphuric or 
fulphurous acid gas it might . 

By one experiment, Mr Berthollet found that 
69 parts of fulphur in combuftion, united with 
31 parts of oxygen, to form 100 parts of ful- 
phuric acid ; and, by another experiment, made 
In à aiffèrent manner, he calculates that 100 
parts of fulphuric acid confift of 72 parts of fol- 
phur, combined with 28 parts of oxygen, all by 
weight. 

This acid, in common with every other, can 
only diflolve metals when they have been pre- 
vioufly oxydated ; but moft of the metals are 
capable of decompofing a part of the acid, fo 
as to carry off a fufficient quantity of oxygen, 
to render themfelves foluble in the part of the 
acid which remains undecompofed. : This hap- 
pens with filver, mercury, iron, and zinc, in 
boiling concentrated fulphuric acid ; they be- 

come 
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come firft oxydated by decompofing part of the 
acid, and are then diflolved in the other part ; 
but they do not fuñiciently difoxygenate the 
decompofed part of the acid to reconvert it in- 
to fulphur ; it is only reduced to the ftate of 
fulphurous acid, which, being volatilized by the 
heat, flies off in the form of fulphurous acid gas. 

Silver, mercury, and all the other metals ex- 
cept iron and zinc, are infoluble in diluted ful- 
phuric acid, becaufe they have not fufficient af- 
finity with oxygen to withdraw it from its com- 
bination either with the fulphur, the fulphu- 
rous acid, or the hydrogen ; but iron and zinc, 
being affifted by the action of the acid, decom- 
pofe the water, and become oxydated at its ex- 
pence, without the help of heat *, 


Y 2 TABLE 


* The hydrogen gas, employed in filling balloons, is 
chiefly procured by this procefs of diflolving iron filings, 
or borings of iron cannon, in dilute fulphuric acid. The 
iren decompofes the water, forming oxyd of iron with 
its oxygen, and combines with the fulphuric acid into” 
fulphat of iron, while the hydrogen of the water is fet 
free in the gafeous form==T", 
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TABLE of the Combinations of the Sulpburous A- 
cid with the Salifiable Bafes, in the order f 


Afinity. 


Names of the Bafes. Names of the Neutral Salts. 
Barytes Sulphite of barytes. 
Potafh potafh. 
Soda | foda. 

Lime © lime. 
Magnefa magnefia. 
Ammoniac ammoniac. 
Argil | argil. 
Oxyd of zinc ZINC. 

iron iron. 

, manganefe manganefe. 
cobalt cobält. 
nickel nickel, 
lead lead. 
tin tin. 
copper copper. 
bifmuth bifmuth. 
antimony antimony. 
arfenic arfenic. 
mercury mercur y. 
filver filver. 
gold gold. 
platina platina. 

SECT, 


Note.—The only one of thefe falts known to the old 
chemifts was the fulphite of Potafh, under the namé of 
Stabls fulphureous faït : So that, before our new nomen- 
clature, thefe compounds muft have been named Stab/ 
fulphbureoë: Jalt, having bafe of fixed vegetable ser 
and fo of th- ref. 

In this Table we have followed Bergmans order of affi- 
aity of the fulphuric acid, which is the fame in regard to 
the earths and alkalies, but it is not certain if the order be 


the fame for the metallic oxyds.—A, 
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SECT. XV. Ho 0 upon Sulpburous Acid, 
and its Combinations. 


The folphurous acid is formed by the union 
of oxygen with fulphur, in a lower degree of 
oxygenation than the fulphuric acid. It is pro- 
curable either by burning fulphur flowly, or by 
diftilling fulphuric acid from filver, antimony, 
lead, mercury, or charcoal ; by thefe operations 
a part of the oxygen quits the acid, uniting to 
thefe oxydable bafes, and the acid pañles over 
in the fulphurous ftate of oxygenation. This 
acid, in the common preflure and temperature 
of the air, can only exift in form of gas ; butät 
appears, from the experiments of. Mr Clouet, 
that, ‘in a very low temperature, it condenfes, 
and becomes fluid. Water abforbs a great deal 
more of this gas than of carbonic acid gas, but 
much lefs than it doës of muriatic acid gas. 

That the metals cannot bé diflolved in acids, 
without being previoufly oxydated, or by pro- 
curing oxygen, for that purpofe, from the acids 
during folution, is a general and well-eftablifhed 
fa&, which I have perhaps repeated too often. 
Hence, as fulphurous acid is already deprived of 
great part of the oxygen neceflary for forming 
the fulphuric acid, it is more difpofed to reco- 
ver oxygen, than to furnifh it to the greateft 
part of the metals ; and, for this reafon, it can- 

EE. 3 not 
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not diflolve them, unlefs previoufly oxydated by 

other means. From the fame principle it is 
that the metallic oxyds diffolve without effer- 

vefcence, and with great facility, in fulphurous 

acid. This acid, like the muriatic, has éven the 

property of diflolving metallic oxyds furchar- 

ged with oxygen, and which are, confequently, 

infoluble in fulphuric acid, and in this way true 
fulphats are formed. Hence we might be led 
to conclude that there are no metallic fulphites, 

were it not that the phenomena which accom- 

pany the folution of iron, mercury, and fome 

other metals, convince us that thefe metallic 
fpbftances are fufceptible of two degrees of oxy- 
dation, during their folution in acids. There- 
fore the neutral falt in which the metal is leaft 

oxydated muft be named fulphite, and that in 

which it is fully oxydated, muft be called /x/phat. 

It is yet unknown whether this diftinétion is ap- 

plicable to any of the metallic fulphats, except 

thofe of iron or mercury. 


Tant 
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Tasre of the Combinations of the Phojphorous 
and Phofbboric Acids with the Salifiable Bajes, 
in the Order of Afinity. 


Names of the Names of the Neutrai Salts formed by 

Bafes. Pbhofpborous Acid. Phofpboric Acid. 
Lis rie es of * Phofphats of + 

ime lime. 

Strontites ftrontites ftrontites. 
Barytes barytes barytes. 
Magnefa magnefia magnefia. 
Potafh potafh potafh. 
Soda #oda {oda. 
Ammoniac. ammoniac ammoniac. 
Argil argil argil. 
Oxyds of 

zinc Zinc Zinc. 

iron iron iron. 

manganefe manganefe manganefe. 

cobalt cobalt cobalt. 

nickel nickel nickel. 

lead lead lead. 

tin tin tin. 

copper copper copper.! 

bifmuth bifmuth bifmuth. 

antimonYÿ antimony antimony. 

arfenic _arfenic arfenic. 

mercury mercury mercury. 

filver filver filver. 

gold gold gold. 

platina platina platina. 

Y 4 SECT. 


* All the phofphites were unknown till lately, and con- 
fequently have not hitherto received names.-—A. 


+ The greater part of the phofphats were only difco- 
vered of late, and have not yet been named.—A. 

+ The exiftence of metallic phofphites fuppofes that me- 
tals are fufceptible of folution in phofphoric acid at different 
degrees of oxygenation, which is not yet afcertained-—A.. 
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Secr. XVI.—Obfervations upon Phofphorous and 
Phofpboric Acids, and their Combinations. 


Underthe article Phofphorus, Part II. Set. IX. 
we have already given à hiftory of the difco: 
very of that fingular fubftance, with fome obfer- 
vations upon the mode of its exiftence in ve- 
getable and animal bodies. The beft method 
of obtaining this acid in flate of purity is by 
burning well purified phofphorus under bell- 
glaffes, moiftened on the infide with. diftilled 
water ; during combuftion it abforbs twice and 
a half ïts weight of oxygen; fo that 100 parts 
of phofphoric acid is compofed of 28: parts of 
phofphorus united to 71+ parts of oxygen. This 
acid may be obtained concrete, in form of white 
flakes, which greedily attraét the moifture of the 
air, by burning phofphorus in a dry gi over 
mercury. 

To obtain phofphorous Hd, which is Host. 
rus lefs oxygenated than in the ftate of phofpho- 
ric acid, the phofphorus muft be burnt by a very 
flow fpontaneous combuftion over a glafs funnel 
leading into a cryftal phial; after a few days, 
the phofphorus is found ,oxygenated, and the 
phofphorous acid, in proportion as it forms, at- 
tracts moïlture from the air, and drops into the 
phial. The phofphorous acid is readily changed 
into phofphoric acid by expofure for a long time 

_ Li ta 
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to the free air ; it abforbs oxygen from the air, 
and becomes fully oxygenated. 

As phofphorus has a füfficient affinity for oxy- 
gen to attraét it from the nitric and oxygenated 
muriatic acids, we may form phofphoric acid, by 
means of thefe acids, in a very fimple and cheap 
manner. Fill a tubulated receiver, half full of 
concentrated nitric acid, and heat it gently, then 
throw in fmall pieces of phofphorus through the 
tube, thefe are diflolved with effervefcence, and 
red fumes of nitrous gas fly off ; add phofphorus 
fo long as it will diflolve, and then increafe the 
fire under the retort, to drive off the laft parti- 
. cles of nitric acid ; phofphoric acid, partly fluid 


and partly concrete, remains in the retort. 
: 


TABLE 
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Tage of the Combinations of Carbonic Acid, with 
the Salifiable Bafes, in the Order of Afinity. 


nes of the Bafes. Refulting Neutral Sals. 


New Nomenclature. Old Nomenclature, 
ré Carbonats of * Hé or Effervefcent heavy 
barytes earth. 
Los lime Chaik, Calcareous fpar, 
Aërated calcareous earth. 
Strontites ftrontites Unknown. 


Effervefcing or Acrated fixed 
vegetable alkali, Mephite of 
potafh. 

Aërated or Effervefcing fixed 

mineral alkali, Mephitic foda. 
Aërated, effervefcing, mild or 
mephitic magnefa. 

Aërated, effervefcing, mild or 


Potafh potafh 


Soda ; foda 


{ 
(R 
À 
Magnefia + magnefa ; 
t 
1 


Ammoniac  ammoniac mephitic, volatile alkali, 
Aërated or effervefcing argilla- 
Argil argil ceous earth, or Earth ofalum, 
Oxyds of Zinc fpar, Mephitic or agrated 
zinc zinc ZiNC4 


Sparry iron-ore, Mephitic or 


UE + aërated iron. 

manganefe manganefe  Aërated manganefe: 

cobait cobalt Aërated cobalt. 

nickel nickel Âërated nickel. 

lead Lo [Ra Jead- -0re, Or Aërated 
ead 

tin tin Aeérated tin. 

copper copper Aërated copper. 

bifmuth bifmuth Aérated bifmuth, 

antimony  antimonyÿ Aërated antimony. 

arfenic arfenic Aëérated arfenic. 

mercury mercury Aërated mercury: 

filver filver Aëérated filver. 

gold gold Aërated gold. 

platina platina Acërated platina. 


SECT, 


* As thefe falts have only been underftood of late, they 
have not, properly fpeaking, any old names. Mr Morveau, 
in the Firit Volume of the Encyclopedia, calls them 4- 
phites ; Mr Bergman gives them the name of arated ; and 
Mr de Foureroy, who calls the carbonic acid cha/ky acid, 
gives them the name of cha/ks.—A. 
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SecrT. XVIL.—Obfervations upon Carbonic Acid, 
and its Combinations. 


Of all the known acids, the carbonic is the 
moft abundant in nature; it exifts ready form- 
ed in chalk, marble, and all the calcareous 
 ftones, in which it is neutralized by a particu- 
lar earth called lime. To difengage it from this 
combination, nothing more is requifite than to 
add fome fulphuric acid, or any other which 
bas a ftronger affinity for lime ; a brifk effervef- 
cence enfues, which is produced by the difenga- 
ged carbonic acid affuming the ftate of gas, im- 
mediately upon being fet free. This gas, inca- 
pable of being condenfed into the folid or liquid 
form by any degree of cold or of preflure hither- 
to known, unites to about its own bulk of water, 
and thereby forms a very weak acid liquor. It 
may likewife be obtained in great abundance 
from faccharine matters in fermentation ; but is 
then contaminated by a fmall portion of alcohol, 
which it holds in folution. 

As carbon is the radical of this acid, we may 
form it artificially, by burning charcoal in OXY+ 
gen gas, or by combining charcoal and metallic 
oxyds in proper proportions ; the oxygen of the 
oxyd combines with the carbon, forming carbo- 
nic acid gas, and the metal being left free, reco- 
vers its metallic or reguline form. 

We are indebted for our firft knowledge of 

this 
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this acid to Dr Black, before whofe time its pro- 
perty of remaining always in the ftate of gas had 
enabled it to elude the refearches of chemiftry. 
It would be a moft valuable difcovery to fo- 
ciety, if we could décompofe this gas by any 
cheap procefs, as by that means we might ob- 
tain, for economical purpoles, the immenfe ftore 
of charcoal contained in calcareous earths, 
marbles, limeftones, &c. This cannot be ef 
fetted by fingle aflinity, becaufe, to decompofe 
the carbonic acid, it requires a fubftance as 
combuftible as charcoal itfelf, fo that we fhould 
only make an exchange of one combuftible bo- 
dy for another not more valuable ; but it may 
pofibly be accomplifhed * by double affinity, 
fince this procefs is fo readily performed by Na: 
ture, during vegetation, from the moft common 


materials. 
TABLE 


* Mr Smithfon Tennant has given, in the Phil, Tranf. 
for 1791, Art. XT. fome experiments on the decompof- 
tion of carbonic acid. Some powdered maïble, flightlÿ cal- 
cined, and fome phofphorus, being introduced into a glafs- 
tube coated with a lute of fand and clay, are kept in a red 
heat for fome minutes, and fuffered to cool; on breaking 
the tube, a black powder is found, which confifts of char- 
corl and phofphat of lime. In the laboratory of Dr Black, 
the decompoñtion has been produced, v4 bumidé ; fome 
folution of fulphuret of potafh, that had ftood for feveral 
days in an open matrafs, expofed to the air of the room, 
which had been breathed by feyeral hundred ftudents, was 
found to have depoñted charcoal on the fidés of the vefs 
fel—T,. 


TABLE of 
Names of ibe 
Bafes. 

Barytes 


Potafh 
Soda 
Strontites 


Lime 


Magnefña 
Ammoniac 
Argil 
Oxyd of 
zinc 
iron 


manganefe 
cobalt 
nickel 


lead 


tin ù 
copper 
bifmuth 
antimony 
arfenic 


mércur y: 


filver 


gold 
platina 


barytes 
potafh 
foda 


ftrontites 


lime 


magnefa 


ammoniae 


argil 


"1! 
Zinc 
iron 


manganefe 
cobalt 
nickel 


lead 


fmoaking, of tin 
folid, of tin 


coppef 
bifmuth 
antimony 
arfenic 


- fweet, of mercury 
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the Combinations of Muriatic Acid with the 
Salifiable Bafess in the Order of Afinity- 

Refulting Neutral Salts. 
New Nomenclature. 
Muriat of 


Old Nomenclature. 
arc having bafe of 
heavy earth. 
Febrifuge falt of Sylvius. 
; Muriated vegetable fixed 
alkali, 
Sea-falt. 
Unknown. 
Muriated lime. 
Oil of lime. 
Marine Epfom falt. 
Muriated magnefia. 
Sal ammoniac. 
Muriated alum, Sea-falt 
with bafe of earth of 
alum. 
Sea-falt of zinc, or Muri- 
atiC Zinc. 
Salt of iron, or Martial 
fea-falt. 
Sea falt of manganefe. 
Sea-falt of cobalt. 
Sea-falt of nickel. 
$ Horney lead, or Plumbum 
Ü corneum. 
Smoaking liquor of Li- 
bavius. 
so of tin. 
Sea-falt of copper. 
Sea-falt of bifmuth. 
Sea-falt of antimony. 
Sea-falt of arfenic. 
Sweet fublimate of mer- 
cury, Calomel, Aquila 
a1ba. 


corrofive, of mer- | Corrofive fublimate of 


cury 
filver 


gold 
platina 


k METCUTY. 
Horny ilver, Argentum 
corneum, Lüna cornéa. 
Sea-falt of gold. 
Sea-falt of platina. 
TABLE 
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Tage of the Combinations of Oxygenated Muria- 
tic Acid with the Salifiable Bafes, in the Order 


of Afinity. 


Names of the Bafes. 


Barytes 
Potafh 
Soda 
Lime 
Magnefa 
Argil 
Oxyd of 
ZINC 
iron 
manganefe 
cobalt 
nickel 
lead 
tin 
copper 
bifmuth 
antimonÿ 
arfenic 
mercury 
filver 
gold 
platina 


Names of the Neutral Salts by 


the New Nomenclature: 


Oxygenated muriat * of 


barytes. . 
potafh. 
{oda. 
lime. 
magnefia. 
argil. 


zinc. 
iron. 
manganele, 
cobalt. 
nickel. 
lead. 

tin. 
copper. 
bifmuth. 
antimony. 
arfenic. 
mercury, 
filver: 
gold. 
platina. 


SECT. . 


# 
This order of falts, entirelÿy unknown to the older che- 
mifts, was difcovered in 1786 by Mr Berthollet.—A. 


* The much more convenient term of Oxymuriat, is 
now very generally adopted for this order of combina- 


tions.—T, 
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SecrT. XVIII.—Ob/ervations upon Muriatic and 
Oxygenated Muriatic Acids, and their Combi- 
nations. 


Muriatic acid is very abundant in the mine- 
ral kingdom, naturally combined with different 
falifiable bafes, efpecially with foda, lime, and 
magnefia. In fea-water, and the water of fe- 
veral lakes, it is combined with thefe three ba- 
fes ; and in mines of rock-falt it is chiefly united 
to foda. This acid does not appear to have 
been hitherto decompofed in any chemical ex- 
periment * {fo that we have no idea whatever 
of the nature of its radical, and only conclude, 
from analogy with the other acids, that it con- 
tains oxygen as its acidifying principle. Mr Ber- 
thollet + fufpes the radical to be of ‘a metallic 
nature ; but, as Nature appears to form this acid 
daily in inhabited places, by combining miafmata 
with aëriform fluids, this muft neceffarily fuppofe 
a metallic gas to exift in the atmofphere, which 
is certainly nôt impoñlble, but cannot be admit- 
ted without proof. 


The 


* This fubjeét bas begn already mentioned in fome for- 
mer notes, where the late difcovery of this bafe is faid to 
have been made by Dr Girtanner.—T. 


+ He has fince entertained an idea, but not grounded 


on decifive experiments, that its bafs is a compound of 
hydrogen and azot.—T. 
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. The muriatic acid has only a moderate ad- 
herence to the falifiable bafes, and can readily 
be driven from its combination with thefe by 
fulphuric acid. Other acids, as the nitric, for 
inftance, may anfwer the fame purpofe; but ni- 
tric acid being volatile, would mix, during diftil- 
lation with the muriatic. About one part of ful- 
phuric acid is fufficient to decompole two parts of 
decrepitated fea-falt. This operation is performed 
in a tubulated retort, having Woulfes apparatus, 
PL IV. Fig. 1. adapted toit. When all the junc- 
tures are properly luted, the fea- falt is put into 
the retort, through the tube, the fulphuric acid 
is poured on, and the opening is immediately 
 clofed by its ground cryftal-ftopper. As the 
muriatie acid can only fubfift in the gafeous 
form, in the ordinary temperature, we cannot 
condenfe it without the prefence of water. Hence 
the ufe of the water with which the bottles in 
Woulfes apparatus are half filled ; the muriatic 
acid gas, driven off from the fea-falt in the retort, 
combines with the water, and forms what the old 
chemifts called /moaking fbirit of falt, or Glaubers 
Jpirit of Jea-falt, which we now name muriatic 
acid. 

The acid obtained by the above procefs is 
ftill capable of combining with a further quantity 
of oxygen, by being diftilled from the oxyds of 
manganefe, lead or mercury ; and the refulting 
acid, which we name oxygenated muriatic acid, 

can 
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can only, like the former, exift in the gafeous 
form, and 1s abforbed, but in a much fmaller 
quantity, by water. When the impregnation 
of water with this gas 1: pufhed beyond a cer- 
tain point, the fuperabundant acid precipitates 
to the bottom of the veff:ls in a concrete form. 
Mr Berthollet has fhown that thi, acid is capa- 
ble of combining with a great number of the 
falifiable bafes. The neutral falts, which refult 
from this union are fu‘ceptible of deflagrating 
with charcoal, and with many of the metallic 
fubftances ; but thefe deflagrations are very vio- 
lent and dangerous, owing to the great quantity 
of caloric which the oxygen carries along with 
it into the compoñition of oxygenated muriatic 
acid *. 


"Yor. I. Z TABLE 


* Jt has been formerly mentioned, that Mzrzowic acid 
would be a more convenient term for this acid, than oxy- 
genated muriatic, the one adopted in the new nomencla- 
ture by the French chemifis : In this cafe, the combina- 
tions would be named Murioxats of barytes, &c.; inftead 
of the much longer, and not more evident, terms of oxy- 
genated\muriats. 

Of late the Britifh côté have generally called this 
acid Oxymuriatic, and its compounds with falifiable bafes 
Oxymuriatse Le 
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Tage of the Combinations of Nitro-muriatic Acid 
with the Salifiable Bafes, in the Order of Af- 


Jinity, fo far as is known. ’ 
Names of the Bafes. Names of the Neutral Salts. 

Argil Nitro-muriat of argil, 

Ammoniac | ammoniac, 

Oxyd of 
antimony ÿ antimony. 
filver : filver. 
arfenic arfenic. 

Barytes barytes. 

Oxyd of 

 bifmuth ‘  bifmuth. 

Lime lime. 

Oxyd of 

cobalt cobalt. 
copper copper. 
tin tin. 
iron : iron. 

Magnefa magnefia. 

Oxyd of | 
manganefe manganefe, 
mercury mercury. à 
molybdena molybdena. 
nickel. nickel. 
gold gold. 
platina platina. 
lead si lead. 

Potafh potafh. 

Soda foda. 

Oxyd of : 
tungftein: tungflein. 
zing : ‘: zinc. 

SECT. 


Note—Moft of thefe combinations, efpecially thofe 
with thé earths and aikalies, have been little examined, 
and we are yet to learn whether they form a mixed falt, 
in which the compound radical remains combined, or if the 
two acids feparate, to form two diflinét neutral falts.— A, 
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Secr. XIX.—Obfervations upon the Nitro-Mu. 
riatic * Acid, and its Combinations. 


The nitro-muriatic acid, formerly called agm 
regia, is formed by a mixture of nitric and mu- 
riatic acids. The radicals of thefe two acids 
combine together, and form a compound bafe, 
from which an acid is produced, having proper- 
ties peculiar to itfelf, and diflin& from thofe of 
all other acids, efpecially the power of diflolving 
gold ‘and platina. 

In diffolutions of metals in this acid, as in all 
other acids, the metals are firft oxydated by at- 
traëting a part of the oxygen from the compound 
radical. This occafions a difengagement of a 
particular fpecies of gas not hitherto defcribed, 
which may be called nitro-muriatic gas ; it has a 
very difagreeable fmell, and is fatal to animal 
life when refpired ; it attacks iron, and caufes 
it to ruft; it is abforbed in confiderable quanti- 

_ty by water, which thereby acquires fome flight 
- characters of acidity. I had occafion to make 
thefe remarks during a courfe of experiments 

Li? upon 


* Azo-muriatic would perbaps anfwer better as a term 
for this compound acid ; Azo-muria having been, in a 
former note, propofed as a more convenient name for the 
baie than the more lengthened expreffion of Nitro-mu- 
riatic radical.—T, 
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upon platina, in which I diflolved a confiderable 
quantity of that metal in nitro-muriatic acid. 

I at firft fufpeéted that, in the mixture of ni- 
tric and muriatic acids, the latter attracted a 
part of the oxygen from the former, and be- 
came converted into oxygenated muriatic acid, 
which gave it the property of difflolving gold ; 
but feveral faûs remain inexplicable upon this 
fuppofition. Were it fo, we fhould be able to 
difengage nitrous gas by heating this acid, which 
however does not fenfibly happen. From thefe 
confiderations, 1 am led to adopt the opinion 
of Mr Berthollet, and to confider nitro-muria- 
tic acid as a fingle acid, with a compound bafe 
or radical, 


Tax 
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Tage of the Combinations of Fluoric Acid with 
«the Salifiable Bafes, in the Order of Afinity. 


Names of the Bafes. 


Lime 
Barytes 
Strontites 
Magnefa 
Potafh 
Soda 
Ammoniac 
Oxyd of 
zinc 
manganefé 
iron 
lead 
tin 
cobalt 
copper 
nickel 
arfenic 
bifmuth 
mercury 
filver 
gold 
platina 


And, by the dry way, 
Fluat of argil. 


Argil 


Names of the Neutral Salts. 
Fluat of lime *. 


barytes. 
ftrontites. 
magnefia. 
potafh. 
{oda. 
ammoniac. 


Zinc. 
manganefe, 
iron. 
lead. 

tin. 
cobalt. 
copper: 
nickel. 
arfenic. 
bifmuth. 
mercury. 
filver. 
gold. 
platina. 


SECT, 


Note.Thefe combinations were entirely unknown to 
the old chemilts, and confequently have no names in the 


old nomenclature.— A, 


* Fluor fpar, or Vitreous fpar. 
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SECT. XX.—Obfervations upon the Fluoric Acid, 
and its Combinations. 


Fluoric acid exifts ready formed by Nature, 
in the fluoric fpars *, combined with calcareous 
earth, fo as to form an infoluble neutral falt. 
To obtain it, difengaged from that combination, 
fluor fpar, or fluat of lime, is put into a leaden 
retort, with a proper quantity of fulphuric acid ; 
a recipient, likewife of lead, half full of water, 
is adapted, and fire is applied to the retort. The 
fulphuric acid, from its greater affinity, expels 
the fluoric acid, which pañfes over and is abforb- : 
ed by the water in the receiver. As fluoric acid 
is naturally in the gafeous form in the ordinaryÿ 
temperature, we can receive it in a pneumato- 
chemical apparatus over mercury. We are obli- 
ged to employ metallic veflels in this procefs, 
becaufe fluoric acid diflolves glafs and filiceous 
earth, and even renders thefe bodies volatile, 
carrying them over with itfelf in diftillation in 
the gafeous form. : 

We are indebted to Mr Margraff for our firft 
acquaintance with this acid ; though, as he could 

never 


* The beautiful fpars from Derbyfhire are of this 
kind,—T, 


* 
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never procure it free from combination with a 
confiderable quantity of filiceous earth, he was 
ignorant of its being an acid fui generis. The 
Duke de Liancourt, under the name of Mr Bou- 
langer, has confiderably increafed our knowledge 
of its properties ; and Mr Scheele feems to have 
exhaufted the fubje&t. The only thing remain- 
ing is to endeavour to difcover the nature of 
the fluoric radical, of which we cannot hitherto 
form any idea, as the acid does not appear to 
have been decompofed in any experiment. It is 
only by means of compound aflinity that experi- 
ments ought to be made with this view, with 
any probability of fuccefs. 


Z 4 TABLE 
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TABLE of the Combinations of Boracic Acid with 
the Salifiable Bafes, in the Order of Afinity. 


Bafes. Neutral Salts. 
Lime *. | Borat of lime. 
Barytes barytes. 
Strontites: ftrontites.. 
Magnefia magnefia. 
Potafh potafh. 
Soda foda. 
Ammoniac ammoniac. 
Oxyd of ” | 

ZINC | zinc. 
iron iron. 
lead lead, 
tin tin. 
cobalt cobalt. 
copper copper. 
nickel nickel. 
mercury mercury. 
Argil argil. 


SECT. 


Note.—Moft of thefe combinations were neither 
known, nor named by the old chemifts. The boracic a- 
cid was formerly called /éduiive /al:, and its compounds 
borax, with bafe of fixed vegetable alkali, &c.—A. 


* By Dr Hopes experiments, in his paper on ftronti- 
tes, read to the Royal Society of Edinburgh, lime fol- 
lows barytes, and the fuperiority between lime and 
fironuites is uncertain.—T, 
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Sect. XXI.—Obfervations upon Boracic Acid, 
and its Combinations. 


This is a concrete acid, extracted from a falt 
procured in India, called borax or tincall. Al- 
though borax has been very long employed in 
the arts, we have as yet very imperfect know- 
ledge of its origin, and of the methods by which 
it is extracted and purified ; theres reafon to 
believe it to be a native falt, found in the earth, 
in certain parts of the eaft, and in the water of 
fome lakes. The whole trade of borax is in the 
hands of the Dutch, who have been exclufively 
poffeffed of the art of purifying it, till very late- 
ly, that Meflrs L’Eguillier of Paris have rivalled 
them in the manufacture ; but the procefs ftill 
remains a fecret to the world. 

By chemical analyfis, we learn that borax is 
a neutral falt with excefs of bafe, confifting of 
. foda, partly faturated with a peculiar acid, long 
called Hombergs fedative fult, now the boracic 
acid. This acid is found in an uncombined ftate 
in the waters of certain lakes: That of Cher- 
chiais in Italy contains 042 grains in each pint 
of water. 

To obtain boracic acid, diflolve fome borax 
in boiling water, filtrate the folution, and add 

fulphuric 
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fulphuric acid, or any other having greater af. 
finity to foda than the boracic acid ; this latter 
acid is feparated, and is procured in a cryftalline 
form by cooling. This acid was long confider- 
ed as being formed during the procefs by which 
it is obtained, and was confequently fuppofed 
to differ according to the nature of the acid 
employed in feparating it from the foda ; but 
it is now univerfally acknowledged that it is 
identically the fame acid, in whatever way pro- 
cured, provided it be properly purified from 
mixture ofMôther acids, by wafhing, and by re- 
peated folution and cryftallization. It is foluble 
both in water and alcohol, and has the pro- 
perty of communicating a green colour to the 
flame of that fpirit. This circumftance led to 
a fufpicion of its containing copper, which is 
not confirmed by any decifive experiment : On 
the contrary, if it contain any of that metal, it 
muft only be confidered as an accidental mix- 
ture. Ït combines with the falifiable bafes in 
the humid way ; and though, in this manner, it 
is incapable of diflolving any of the metals di- 
re@ly, this combination is readily affected by 
compound affinity. 

The Table prefents ifs combinations in the 
order of affinity in the humid way; but there 
is a confiderable change in the order, when 
we operate vià ficcä ; for, in that cafe, argil, 

though 
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though the laft in our lift, muft be placed im- 
mediately after foda. 

The boracic radical is hitherto unknown, no 
experiments having as yet been able to decom- 
pofe the acid; but we conclude, from analogy 
with the other acids, that oxygen exifts in its 
compofition, as the acidifying principle, 


TABLE 
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Tagce of the Combinations of Arfeniac Acid with 
the Salifiable Bafes, in the Order of Afinity. 


Bafes. Neutral Sakts. 
Lime Arféniat of lime. 
Barytes _barytes. 
Strontites ftrontites: 
Magoefia magnefia. 
Potafh potafh. 
Soda foda. 
Ammoniac ammoniac: 
Oxyd É 
zinc zinc. | 
manganefe manganefe, 
iron iron. 
lead lead. 
tin tin. 
cobalt cobalt. 
copper copper. 
nickel nickel. 
bifmuth bifmuth. 
mercury mercury. 
antimony antimony. 
filver filver. 
gold gold. 
platina platina. 
Argil argil. 


SEtt. 


Note.—This order of falts was entirely unknown to 
the old chemifts. Mr Macquer, in 1746, difcovered the 
combinations of arfeniac acid with potafh and foda, to 
which he gave the name of ar/enical neutral falts.—A. 
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Secr. XXII.—Obfervations upon Arfeniac Acid, 
and its Combinations. 


In the Collections of the Academy for 1746, 
Mr Macquer fhews, that when a mixture of 
white oxyd of arfenic and nitre are fubje“ted to 
the action of a ftrong fire, a neutral falt is ob- 
tained, which he calls seutral falt of arfenic. 
At that time, the caufe of this fingular pheno- 
menon, in which a metal ads the part of an 
acid, was quite unknown; but more modern 
experiments teach, that. during this procefs, 
the arfenic becomes oxygenated, by carrying 
off the oxygen of the nitric acid ; :t is thus 
converted into a real acid, and combines with 
the potafh. There are other methods now 
known for oxygenating arfenic, and obtaining 
its acid free from combination. ‘The moft fim- 
ple and moft effectual of thefe is as follows : 
Diflolve white oxyd of arfenic in three parts, 
by weight, of muriatic acid ; to this folution, in 
- a boiling ftate, add two parts of nitric acid, 
_and evaporate to drynefs. In this procefs the 
nitric acid is decompofed, its oxygen unites with- 
the oxyd of arfenic, and converts it into an 
acid, and the nitrous radical flies off in the ftate 
of nitrous gas; while the muriatic acid is con- 
verted by the heat into muriatic acid gas, and 

may 
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may be colleéted in proper veflels The ar- 
fenaic acid is entirely freed from the other acids 
employed during the procefs by heatingitin a 
crucible till it begins to grow red; what remains 
is pure concrete arfeniac acid. | 

Mr Scheeles procefs, which was repeated 
with great fuccefs by Mr Morveau, in the la- 
boratory at Dijon, is as follows: Diftil muria- 
tic acid from the black oxyd of manganele; 
this converts it into oxygenated muriatic acid, 
by carrying off the oxygen from the manganefe ; 
receive this oxygenated acid in a recipient, con- 
taining white oxyd of arfenic, covered by a little 
diftilled water ; the arfenic decompofes the oxy- 
genated muriatic acid, by carrying off its fuper- 
faturation of oxygen, and is converted into arfe- 
niac acid, while the oxygenated muriatic aci 
is brought back to the ftate of common muriatic 
acid. The two acids are feparated by diftilla- 
tion, with a gentle heat increafed towards the 
end of the operation; the muriatic acid pañles 
over, and the arfeniac acid remains behind in a 
white concrete form. 

The arfeniac acid is confiderably lefs volatile 
than white oxyd of arfenic ; it often contains 
white oxyd of arfenic in folution, owing to its 
not being fufficiently oxygenated ; this is pre- 
vented by continuing to add nitrous acid, as 
in the former procefs, till no more nitrous gas 
is produced. From all thefe obfervations, I 

would 
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would give the following definition of arfeniac 

“acid. Itisa white concrete metallic acid, form- 
ed by the combination of arfenic with oxygen; 
it is fixed in a red heat, is foluble in water, and 
is capable of combining with many of the fali- 
fiable bafes. 


SecT.X XIIL.—08/ervations upon Molybdic Acid, 
and its combinations witb Acidifiable Baes *. 


Molybdena is a particular metallic body, ca- 
pable of being oxygenated, fo far as to become 
.a true @ncrete acid +. For this purpofe, one 
part by weight of the ore of molybdena, which 
is a natural fulphuret of that metal, is put into 
a retort, with five or fix parts of nitric acid, di- 
luted with a quarter of its weight of water, and 
beat is applied to the retort ; the oxygen of the 
nitric acid acts both upon the molybdena and 
the fulphur, converting the one into molybdic, 
and the other into fulphuric acid ; pour on frefh 
quantities of nitric acid fo long as any red fumes 


of 


* T have not added the Table of thefe combinations, as 
the order of their affinity is entirely unknown; they are 
called molybdats of argil, antimony, potafh, &c.—T. 


= + This acid was difcovered by Mr Scheele, to whom 
chemiftry is indebted for the difcovery of feveral other 
acids.—A, 


368 ELEMENTS 


of nitrous gas efcape; the molÿBäena is then 
oxygenated as far as is poffible, and is found at 
the bottom of the retort in a pulverulent form, 
refembiing ch2lk. It muft be wafhed in warm 
water, to feparate any adhering particles of ful- 
phuric acid ; and, as it is hardly ioluble, we lofe 
wery little of it in this operation. All its combi- 
nations with falifiable bafes were unknown to 
fhe ol chemiiis #, 


TABLE 
+ 


# Meffrs Tondi and Ruprecht have 'ately reduced Mo- 
lybdena to the reguline flate, by a fimilar proceis to that 
formerly defcribed for reducing the metals of G ; 
Magnefa and Barytes. They defcribe the metallic but- 
ton as being convex and compaët, and refembling feel 
in its colour ; its fracture is uneven and granulated, and . 
has more metallic luftre internally than on the furface ; 
it is brittle, not hard, and not attrattible by the magnet. 
On the furface of one of the buttons procured in thefe 
experiments, fome little cavities were obferved, in which 
the metal had cryftallized in form of prifmatic needles, 
which were too fmall to allow of their particular confi- 
guration being accurately determined. The fpecific. 
grav ty of this metal, according to the experiments of 
Mr Haidinger, counfellor of the Schemnitz mines, is 
6.963, water being taken as 1.900 :——T . 
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TABLE of the Combinations of Tungflic Acid with 
the Salifiable Bafes. 


. 


Bafes. | Neutral Saits. 
Lime Tungftat of lime. 
Barytes barytes. 
Magnefa magriefia, 
Potafh potafh. 
Soda foda. 
.  Ammoniac ammoniac. 
Argil . 512 argil, 
Oxyd of | | 
antimony *#, &c. antimony +, &c, 


Pa 


cr XXIV.—Obfervations upon Tungflic Acid, 


and its Combinations. 


Tungftein is a particular metal, the ore of 
which has frequently been confounded. with 
that of tin. The fpecific gravity of this ore is 
to water as 6 to 1; in its form of cryftallization 
it refembles the garnet, and varies in colour 

Voz. I. A3 from 


* The combinations with metallic oxyds are fet down 
by Mr Lavoifier in alphabetical order, their order of af- 
finity being unknown; I have omitted them as ferving 
no purpofe.—T. 


+ All thefe falts were unknown to the old chemifts. 
À : 
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from a pearl-white to a yellow and reddifh ; i£ 
is found in feveral parts of Saxony and Bohe- 
mia. The mineral called Wolfram, which is fre- 
quent in the mines of Cornwall, is likewife an 
ore of this metal. In all thefe ores the metal is 
oxydated; and, in fome of them, it appears 
even to be oxygenated to the ftate of acid, being 
combined with lime into a true tungftat of lime. 
To obtain the acid free, mix one part of ore of 
tungftein with four parts of carbonat of potafh, 
and meltthe mixture in a crucible ; then powder 
it and pour on twelve parts of boiling water, add 
nitric acid, and the tungftic acid precipitates im 
a concrete form. Afterwards, to infure the com- 
plete oxygenation of the metal, add more nitric 
acid, and evaporate to drynefs, repeating t 9 
operation fo long as red fumes of nitrous gas # 
produced. To procure tungftic acid perfecly 
pure, the fufon of the ore with carbonat of pot- 
afh muft be made in a crucible of platina, other- 
wife the earth of the common crucibles will mix 
with the produéts, and adulterate the acid. 


TABLE 
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Tage of the Combinations of Tartarous Acid with 
the Salifiable Bajes, in the Order of Afimty. 


Bafes. Neutral Salts. 
Lime … Tartarite of lime. 
Barytes barytes. 
Strontites ftrontites. 
Magnefia magnela. 
Potafh potafh. 
Soda foda. 
Ammoniac ammoniac. 
Argil argil. 
Oxyd of 

zinc zinc. 

iron + iron, 
Mhsogancte manganefe. 

cobalt cobalt. 
nickel nickel. 
lead lead. 

tin tin. 

copper copper. 

bifmuth bifmuth. 
antimony antimony. 
arfenic arfenic. 
filver filver. 
mercury mercury, 
gold gold. 
platina platina. 


SECT, 
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Secr. XXV.—Obfervations upon Tartarous 
Acid, and its combinations. 


Tartar, or the concretion which fixes to the 
infide of veflels in which the fermentation of 
wine is completed, is a well-known falt, com- 
pofed of a peculiar acid, united, in confiderable 
excefs,/to potafh. Mr Scheele firft pointed out 
the method of obtaining this acid pure: Ha- 
ving obferved that it has a greater affinitw to 
lime than to potafh, he directs us to proceed in 
the following manner. Diflolve purified tartar 
in boiling water, and add a fufficient quantity 
of lime till the acid be completely faturated. 
The tartarite of lime, which is thus formed, be- 
ing almoft infoluble in cold water, falis tot 
bottom, and is feparated from the folution of 
potafh by decantation ; it is afterwards wafhed 
in cold water, and dried ; then fome fulphuric 
acid, diluted with eight or nine parts of water, 
is poured on ; digeît for twelve hours in a gentle 
heat, frequently ftirring the mixture, and the 
fulphuric acid combines with the lime, leaving 
the tartarous acid free. . A fmall quantity of 
gas, not hitherto examined, is difengaged during : 
this procefs. At the end of twelve hours, ha- 
ving decanted off the clear liquor, wafh the ful- 
phat of lime in cold water, which add to the 
decanted liquor, then evaporate the whole, and 

the 
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the tartarous acid is obtained in a concrete form. 
Two pounds of purified tartar, by means of 
from eight to ten ounces of fulphuric acid, yield 
about eleven ounces of tartarous acid. 

As the combuftible radical exifts in excefs, or 
as the acid from tartar is not fully faturated 
with oxygen, we call it éartarous acid, and the 
neutral falts, formed by its combinations with 
falifiable bafes, are named tartarites. The bafe 
of the tartarous acid is a carbono-hydrous or hy- 
dro-carbonous radical, lefs oxygenated than in 
the oxalic acid ; and it would appear, from the 
experiments of Mr Haflenfratz, that azot enters 
into the compofition of the tartarous radical, 
even in confiderable quantity. By oxygenating 
tartarous acid ftill farther, it is convertible into 
oxalic, malic, and acetous acids ; but it is pro- 
bable the proportions of hydrogen and carbon in 
the radical are changed during thefe converfions, 
and that the difference between thefe acids does 
not alone confift in the different degrees of oxy- 
genation. 

The tartarous acid is fufceptible of two de- 
” grees of faturation in its combinations with the 
fixed alkalies ; by one of thefe a falt is formed 
with excefs of acid, improperly called cream of 
tartar, which in our new nomenclature is na- 
med acidulous tartarite of potafb ; by a fecond 
or reciprocal degree of faturation, a perfeétly 
neutral falt is formed, formerly called vegetable 

Aa3 Jalt, 
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falt, which we name tartaite of pota/b. With 
foda this acid forms tartarite. of foda, formerlÿ 


called /a7 de Seignette, or fal polychreft of Rochell*, 


SEecT. XX VI.—Obfervations upon Malic Acid, 
and its Combinations with the Salifiable Bafes +. 


The malic acid exifts ready formed in the 
four juice of ripe and unripe apples, and many 
other fruits, and is obtained as follows: Satu- 
rate the juice of apples with potafh or foda, and 
add a proper proportion of acetite of lead dif- 
folved in water ; a double decompofition takes 
place, the malice acid combines with the oxyd 
of lead, and precipitates, being almoft infoluble 
and the acetite of potafh or foda remains in the 
hquor.' ‘The malat of lead being feparated by 
décantation, is wafhed with cold water, and fome 
dilute fulphuric acid is added ; this unites with 
thé lead into an infoluble fulphat, and the ma- 
lie acid remains free in the liquor. 

This 

* This account of the compofition of Rochell falt is 
not quite accurate : Ît 15 a triple falt, confifting of tarta- 
rous acid faturated by foda and potaih, and is formed by 


completely neutralizing acidulous tartarite of potafh, by 
the addition of a fufficient quantity of foda.—T. 


+ I have omitted the Table, as the order of affinity is 
unknown, and is given by Mr Lavoiïfer only in alpha- 
betical order. All the combinations of malic acid with 


falifiable bafes, which are named aiats, were unknown 
to the old chemifts.—T. 
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This acid, which is found mixed w'th citric 
‘and tartarous acid in a great number of fruits, 
is a kind of medium between the oxalic and ace- 
tous acids bein more oxygenated than the for 
mer, and lefs foth tie latter. From this cir- 
cumftance, Mr Hermbftadt calls it imperfeitl vine- 
gar ; but it differs likewife from acetous acid, by 
having rather more carbon, and lefs hydrogen, 
in the compofñition of its radical. 23588 

When an acid much diluted has been ufed in 
the foregoing procefs, the liquor contains oxalic 
as well as malic acid, and probably a little tar- 
tarous ; thefe are feparated by mixing lime-wa- 
ter with the acids, xalat, tartarite, and malat 
of lime are produced ; t e two former, being in- 
foluble, are precipitated, and the malat of lime 
remains diflolved ; from this the pure malic acid 
is feparated by the acetite of lead, and afterwards 
by fulphuric acid, as directed above. 


Aaa4 TABLE 
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TABLE of the Combinations of Citric Acid with 
the Salifiable Bafes, in the Order of Afinity *. 


Bafes. Neutral Salts. 
Barytes _ Citrat of barytes, 
Lime lime. 
Magnefia magnefia. 
Potafh  - potafh. 
Soda foda. 
Ammoniac ammoniac. 
Oxyd of 

“AIRES zinc. 
mangäanefe manpanefe, 
iron iron. 

lead lead. 

cobalt cobalt. 

copper coppeér. 
arfenic arfenic. 
mercury " mercury. 
antimony Lé antimony. 
filver : filver. 
gold gold. 
platina platina. 
Argil argil. 


SECT. 


* Thefe combinations were unknown to the old che- 
mifts. The order of affinity of the falifiable bafes with 
this acid was determined by Mr Bergman, and by Mr 
de Breney of the Dijon Academy.—A. 
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Secr. XXVII.—Obfervations upon Citric Acid, 
and its Combinations. 


The citric acid is procured by expreffion from 
lemons, and is found in the juices of many other 
fruits mixed with malic acid. To obtain it pure 
and concentrated, it is firft allowed to depurate 
from the mucous part of the fruit, by long reft 
in a cool cellar, and is afterwards concentrated 
by expoñng it to the temperature of from 21° 
to 23° of Fahrenheit ; the water is thereby frœ- 
zen, and the acid remains liquid, reduced to 
about an eighth part of its original bulk. A 
lower degree of cold would occafon the acid 
to be engaged among the ice, and render it dif« 
ficultly feparated. This procefs was pointed out 
by Mr Georgius. 

It is more eafly obtained by faturating the 
lemon-juice with lime, {o as to form a citrat of 
lime, which is infoluble in water ; wafh this falt, 
and pour on a proper quantity of fulphuric acid; 
this forms a fulphat of lime, which precipitates 
and leaves the citric acid free in the liquor. 


TABLE 
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Tagce of the Combinations of Pyro-lignous A4- 
cid with the Salifiable Bafes, in the Order of 


Affinity *. 


Bafer. 
Lime 
Barytes 
Potafh 
Soda 
Magnefa 
_Ammoniac 
«Oxyd OË, 
zinc 
mänganefe 
iron 
lead 
tin 
cobalt 
copper 
nickel 
arfenic 
“bifmuth 
mercury 
antimony 
filver 
gold 
platina 
Argil 


N ur:! Salt:. 
Pyro-lig ite of lime. 


barytes. 


“potafh. 


foda, 
magnefa. 
ammoniac, 


Zinc. 
manganefe, 
iron. 
lead, 
tn. 
cobalt. 
coprer, 
nickel. 
arfenic. 
bifmuth. 
mercury. 
antimony. 
filver. 
gold. 
platina, 
argil. 
SECT. 


“# The above affinities were determined by Meffrs de 
Morveau and Eloi Bourfer de Clervaux. Thefe combi- 
nations were entirely unknown till lately.—A\. 
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Secr. XX VIII.—Ob/ervations upon the Pyro-lig: 
nous Acia, and its Combinations. 


The old chemifts obferved that moft of the 
woods, efpecially the more heavy and compaét 
ones, give out a particular acid fpirit, by di- 
füillation in a naked fire ; but, before Mr Goet- 
ling, who gives an account of his experiments 
upon this fubje® in Crells Chemical Journal for 
1779, no one had ever made any inquify into its 
nature and properties. This acid appears to be . 
the fame, whatever be the wood'it is procured 
from. When firft diftilled, it is of a brown co- 
lour, and confiderably impregnated with carbon 
and oil; itis purified from thefe by a fecond 
diftillation. The pyro-lignous radical is chiefly 
compofed of hydrogen and carbon. 


SEcr. XXIX.—Obférvations upon Pyro-tarta- 
rous Acid, and its Combinations with the Salis 
fiable Bajes *, 


The name of Pyro-tartarous Acid is given to 
a dilute empyreumatic acid obtained from puri- 


fied 


* The order of :finity of the falifiable bafes with this 
acid is hitherto unknown, Mr Lavoifer, from its fimila. 


rity 
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fied acidulous tartarite of potafh, by diftillation 
in a naked fire. To obtain it, let a retort be 
half-filled with powdered tartar, adäpt a tubu- 
lated recipient, having a bent tube communica- 
ting with a bell-glafs in a pneumato-chemical 
apparatus ; by gradually raifing the fire under 
the retort, we obtain the. pyro-tartarous acid 
mixed with oil, which is feparated by means of 
a funnel. A vaft quantity of carbonic acid gas 
is difengaged during the diftillation. The acid 
obtained by the above procefs is much conta- 
minated with oil, which ought to be feparated 
from it. Some authors advife to do this by a 
fecond diftillation ; but the Dijon academicians 
inform us, that this is attended with great dan- 
ger, from explofions which take place during 
the procefs. 


TABLE 


rity to pyro-lignous acid, fuppofes the order to be the 
fame in both; but, as this is not afcertained by experi- 
ment, the table is omitted. All thefe combinations, call- 
ed Pyro-tartarites, were unknown till lately.—T. 
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Tage of the Combinations of Pyro-mucous Acid 


with the Salifiable us in the Order of Aff- 
nity À. 


Bafes. Neutral Salts. 
Potaiñh Pyro-mucite of Potafh. 
Soda foda. 
Barytes barytes. 
Lime lime. 
Magnefia magnefa. 
Ammoniac ammoniac. 
Arpgil argil. 
Oxyd of 

zinc zinc. 

manganefe manganele. 

iron iron. 

lead lead. 

tin tin. 

cobalt cobalt. 

copper copper. 

nickel nickel, 

arfenic arfenic. 

bifmuth bifmuth. 

antimony antimony. 

SECT. 


#* Al thefe combinations were unknown to the old 
chemifts.—A, 
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SECT. XXX.— Obfervations upon Pyro-mucous 
Acid, and its Combinations *. 


This acid is obtained by diftillation in a naked 
fire from fugar, and all the faccharine bodies; 
and, as thefe fubftances fwell greatly in the 
fire, it is neceflary to leave feven-eights of the 
retort empty. It is of a yellow colour, verging 
to red, and leaves a mark upon the fkin, which 
will not remove but along with the epidermis. 
It may be procured lefs coloured, by means of 
a fecond diftillation, and is concentrated by 
freezing, as 1s directed for the citric acid. Itis 
chiefly compoféd of water and oil, flightly oxy- 
genated, and is convertible into oxalic and ma- 
lic acids, by farther oxygenation with the nitric 
acid. 

It has been pretended that a large quantity of 
gas is difengaged during the diftillation of this 
acid, which is not the cafe if it be conducted 
flowly, by means of moderate heat. 


TABLE 


* We are told that this acid, and the pyro-lignous and 
pyro-tartarous acids, have lately been afcertained to be 
only the acetic acid difguifed by the admixture of empy- 


reumatic oil.—T. 
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Tasce of the Combinations of the Oxalic Acid 
with the Salifiable Bafes, in the Order of Afi- 


nity*. 


Bafes. 
Lime 
Barytes 
Strontites 
Magnefa 
Potafh 
Soda 
Ammoniac 

_ Argil 
Oxyd of 
zinc 
iron 

manganefe 
cobalt 
nickel 
lead 
copper 
bifmuth 
antimony 
arfenic 
mercury 
filver 
gold 
platina 


Neutral Saits. 


Oxalat of lime, 


barytes. 
ftrontites. 
magnefia. 
potafh. 
foda. 
ammoniac. 
argil. 


zinc. 
iron. 
manganefe, 
cobalt. 
nickel. 
lead. 
copper. 
bifmuth. 
antimonyÿ. 
arfenic. 
mercury, 
filver. 
gold. 
platin a. 
DECT, 


# Al unknown to the old chemifts. — A. 
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SEcT. XXXI.—Obfervations upon Oxalic Acid, 


and its Combinations. 


The oxalic acid is moftly prepared in Switzer- 
land and Germany from the exprefled juice of 
forrel, from which it cryftallizes by being left 
long at reft ; in this ftate it is partly faturated 
with potafh, forming a true acidulous oxalat of 
potafh, or falt with excefs of acid. ‘To obtain 
it pure, it muft be formed artificially by oxyge- 
nating fugar, which feems to be the true oxalic 
radical. Upon one part of fugar pour fix or 
eight parts of nitric acid, and apply a gentle 
heat ; a confiderable effervefcence takes place, 
and a great quantity of nitrous gas is difenga- 
ged ; the nitric acid is decompofed, and its oxy- 
gen unites to the fugar : by allowing the liquor 
to ftand at reft, cryflals of pure oxalic acid are 
formed, which muft be dried upon blotting pa- 
per, to feparate any remaining portions of nitric 
acid ; and, to infure the purity of the acid, dif- 
folve the cryftals in diftilled water, and cryftal- 
lize them afrefh. 

From the liquor remaining after the firft cryf- 
tallization of the oxalic acid we may obtain 
malic acid by xefrigeration : This acid is more 
reg than the oxalic; and by a further 

oxygenation, 
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oxygenation, the fugar is convertible into ace- 
tous acid, or vinegar. 

The oxalic acid, combined with a fmall quan- 
tity of foda or potafh, has the property, like the 
tartarous acid, of entering into a number of com- 
binations without fuffering decompofition: Thefe 
combinations form triple falts, or neutral falts 
with double bafes, which ought to have proper 
names. The falt of forrel, which is potafh ha- 
ving oxalic acid combined in excefs, is named 
acidulous oxalat of potafh, in our new nomen- 
clature. 

The acid procured from forrel has been known 
to chemifts for more than a century, being men- 
tioned by Mr Duclos in the Memoirs of the A- 
cademy for 1688, and was pretty accurately de- 
fcribed by Boerhaave ; but Mr Scheele firft fhew- 
ed that it contained potafh, and demonftrated 
its identity with the acid formed by the oxyge- 
nation of fugar. 


SECT. XX XII.—Obfervations upon Acetous Acid, 
and its Combinations. 


This acid is compofed of carbon and hydro- 
gen united together, and brought to the ftate of 
an acid by the addition of oxygen; it is con- 
fequently formed of the fame elements with 
the tartarous, oxalic, citric, and malic acids, and 

Vox, I Bb others, 
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others, but the elements exift in different pros 
portions in each of thefe; and it would appear 
that the acetous acid is in a higher ftate of oxy- 
genation than thefe other acids. I have fome 
reafon to believe, that the acetous radical con- 
tains a fmall portion of azot ; and as this ele- 
ment is not contained in the radicals of any ve- 
getable acid, except the tartarous, this circum- 
ftance is one of the caufes of difference. The 
acetous acid, or vinegar, is produced by expoñing 
wine to a gentle heat, with the addition of fome 
ferment : This is ufually the ley, or mother, 
which has feparated from other vinegar during 
fermentation, or fome fimilar matter. The fpi- 
rituous part of the wine, which confifts of car- 
bon and hydrogen, is oxygenated, and convert- 
ed into vinegar : This operation can only take 
place with free accefs of air, and is always ät- 
tended by a diminution of the air employed, in 
confequence of the abforption of oxygen ; where- 
fore it ought always to be carried on in veffels 
only half filled with the vincus liquor fubmit- 

ted to the acetous fermentation. | 
The acid formed during this procefs is very 
volatile ; it is mixed with a large proportion of 
water, and with many foreign fubitances, and 
to obtain it pure it muft be diftilled, in ftone or. 
glaR vefiels, by a gentle fire. The acid which 
pales over in diflillation is fomewhat changed 
by the pruocels, and is not exactly of the fame 
nature 
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nature with what remains in the alembic, but 
feems lefs oxygenated : l'his circumftance has 
not been formerly obferved by chemiits. 

Diftllation is not fufficient for depriving this 
acid of all its unneceflary water ; and, for this 
purpofe, the beft way is by expoñng it to a degree 
of cold of from 19° to 23° of Fahrenheit ; by this 
means the aqueous part becomes frozen, and 
leaves the acid in a liquid flate, and confidera- 
bly concentrated. In the ufual temperature of 
the air, this acid can only exift in the gafeous 
form, and can only be retained by combination 
with a large proportion of water. There are 
other chemical proceffes for obtaining the ace- 
tous acid, which confift in oxygenating the tar- 
tarous, oxalic, or malic acids, by means of nitric 
acid ; but there is reafon to believe the propor- 
tions of the elements of the radical are changed 
during this procefs. Mr Haflenfratz is at pre- 
fent engaged in repeating the experiments by 
which thefe converfions are faid to be produ- 

ced. 
The combinations of acetous acid with the 
‘various falifiable bafes are very readily formed ; 
but moft of the refulting neutral falts are not 
cryftallizable, whereas thofe produced by the 
tartarous and oxalic acids are, in general, hardly 
foluble. Tartarite and oxalat of lime are not 
- foluble in any fenfble degree : The malats are 
a medium between the oxaiats and acetites, 
Bb2 with 
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with refpe& to folubility, and the malic acid is 
in the middle degree of faturation between the 
oxalic and acetous acids. With this, as with all 
the acids, the metals require to be oxydated pre- 
vious to folution. 

The older chemifts knew hardly any of the 
falts formed by the combinations of acetous acid 
with the falifiable bafes, except the acetites of 
potafh, foda, ammoniac, copper, and lead. Mr 
Cadet difcovered the acetite of arfenic* ; Mr 
Wenzel, and the Dijon academicians, Mr de Laf- 
fone and Mr Prouft, made us acquainted with 
the properties of the other acetites. From the 
property which acetite of potafh pofieffes, of gi- 
ving out ammoniac in diftillation, there is fome 
reafon to fuppofe, that befides carbon and hydro- 
gen, the acetous radical contains a fmall propor- 
tion of azot ; though it is not impoñlible but the 
above prodution of ammoniac may be eccafion- 

ed by the decompofition of the potafh. 


TABLE 


# Savans Etrangers, Vol. IT. 
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Taszs of the Combinations of Acetic Acid with 
the Salifiable Bajès, in the Order of Afinity. 


’ Bafes. 
Barytes 
Potafh 
Soda 

. Lime 
- Magnefa 

Ammoniac 

Oxyd of 
zinc 
manganefe 
iron 
lead 
tin 
cobalt 
copper 
nickel 
arfenic 
bifmuth 
mercury 
antimony 
filver 
gold 
platina 

Argil 


Neutral Sal 


Acetat of barytes. 


Bb 3 


potafh. 
foda. 

lime. 
magnefia. 
ammoniac. 


Zinc. 
manganefe, 
iron. 
lead. 
tin. 
cobalt. 
copper. 
nickel. 
arfenic. 
bifmuth. 
mercurÿ. 
antimony. 
filver. 
gold. 
platina. 
argil. 

SECT, 


Note. — Al thefe falts were unknown to the older che- 
mifts , and even thofe, who are moft verfant in modern 


difcoveries, are yet at a lofs whether the greater part of 
the falts produced by the oxygenated acetic radical belong 
properly to the claf of acetites, or to that of acetats.— A. 
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SECT. XXXIIL.—Obfervations upon Acetic Acid, 
and its Combinations. : 


We have given to radical vinegar the name of 
acetic acid, from fuppoñng that it confifts of the 
fame radical with that of the acetous acid, but 
more highly faturated with oxygen. According 
to this idea, acetic acid is the higheft degree of 
oxygenation of which the hydro-carbonous radi- 
cal is fufceptible ; but although this circum- 
ftance be extremely probable, it requires to be 
confirmed by farther and more decifive experi- 
ments, before it be adopted as an abfolute che- 
mical truth. We procure this acid as follows : 
Upon three parts acetite of potafh or of copper, 
pour one part of concentrated fulphuric acid, 
and, by diftillation, a very highly concentrated 
vinegar 1s obtained, which we cal! acetic acid, 
formerly named radical vinegar. It is not hi- 
therto rigoroufly proved that this acid is more 
highly oxygenated than the acetous acid, nor 
that the difference between them may not con- 
fift in a different proportion between the ele- 
ments of the radical or bafe. 


TaBzs 
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Tage of the Combinations of Succinic Acid with 
the Salifiable Bafes, in the Order of Affinity. 


Bafes. 
Baryteë 
Lime 
Potafh 
Soda 
Ammoniac 
Magnefia 
Argil 
Oxyd of 

Zinc 

iron 
manganefé 
cobalt 
nickel 
lead 

tin 
copper 
bifmuth 
antimonYÿ 
arfenic 
mercury 
filver 
gold 
platina 


! Neutral Salts. 
Succinat of barytes. 


Bb4 


lime. 
potafh. 
foda. 
ammoniac: 
magnefia. 
argil. 


zinc. 
iron. 
manganefe: 
cobalt. 
nickel. 
lead. 
tin. 
copper. 
bifmuth. 
antimony: 
arfenic. 
mercury. 
filver. 
gold. 
platina. 
SECT. 


Note.— All the fuccinats were unknown to the older 


chemifts.— A. 
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SEcT. XXXIV.— Obfervations upon Succinic 
Aoïd, and its Combinations. 


The fuccinre acid is drawn from amber by 
fublimation in a gentle heat, and rifes in a con- 
crete form into the neck of the fubliming veffel. 
The operation muft not be pufhed too far, or by 
too ftrong a fire, otherwife the oil of the amber 
rifes along with the acid. The falt is dried up- 
on blotting paper, and purified by repeated fo- 
ltion and eryftallization. 

The acid is foluble in twenty-four times its 
weight of cold water, and in a much fmaller 
quantity of hot water. It poffeffes the qualities 
of an acid in a very fmall degree, and only af- 
feûts the blue vegetable colours very flightly. 
The affinities of this acid, with the falifiable 
bafes, are taken from Mr de Morveau, who is 
the firft chemiit that has endeavoured to afcer- 
tain them. 


SECT. 
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Sect. XX XV.—Obfervûtions upon Benxoic Acid, 
and its Combinations with Salifiable Bajfes *. 


This acid was known to the ancient chemifts 
under the name of the Flowers of Benjamin, or 
of Benzoin, and was procured by fublimation, 
from the gum or refin called Benzoin: The 
means of procuring it, vi& bumidé, was difco- 
vered by Mr Geoffroy, and perfected by Mr 
Scheele. Upon benzoin, reduced to powder, 
pour ftrong lime-water, having rather an excefs 
of lime; keep the mixture continually ftirring, 
and after half an hours digeftion, pour off the 
liquor, and ufe frefh portions of lime-water in 
the fame manner, fo long as there is any ap- 
pearance of neutralization. Join all the decant- 
ed liquors, and evaporate as far as poffible, with- 
out occafioning cryftallization, and, when the li- 
quor is cold, drop in muriatic acid till no more 
precipitate is formed. By the former part of the 
. procefs a benzoat of lime is formed, and, by 
_ the latter, the muriatic acid combines with the 
lime, forming muriat of lime, which remains 

diflolved, 


* Thefe combinations are called Benzoats of Lime, Pot- 
afh, Zinc, &c.; but, as the order of affinity is unknown, 
the alphabetical table is omitted, as unneceflary.—T', 
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diffolved, while the benzoic acid, being info- 
luble, precipitates in a concrete form. 


SECT. XXXVI.—Obférvations upon Campboric 
Acid, and its Combinations with Salifiable 
Bafes *. 


Camphor is a concrete eflential oil, obtained, 
by fublimation, from a fpecies of laurus which 
grows in China and Japan. By diftilling nitric 
acid eight times from camphor, Mr Kofegarten 
converted it into an acid analogous to the oxa- 
lic; but, as it differs from that acid in fome 
circumftances, we have thought neceflary to give 
it a particular name, till its nature be more com- 
pletely afcertained by farther experiment. 

As camphor 1s a carbono-hydrous or hydro- 
carbonous radical, it is eafily conceived, that, 
by oxygenation, it fhould form oxalic, malic, 
and feveral other vegetable acids: This conjec- 
ture is rendered not improbable by the experi- 
ments of Mr Kofegarten; and the principal 
phenomena exhibited in the combinations of 
camphoric acid with the falifiable bafes, being 

very 


* Thefe combinations, which were all unknown to the 
old chemilts, are called Camphorats. The table is omit- 
ted as being only in alphabetical order.—T. 
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Very fimilar to thofe of the oxalic and malice 
acids, lead me to believe that it confifts of a mix- 
ture of thefe two acids. 


SEcT. XXXVII.—Ob/ervations upon Gallic Acid 
and îts Combinations with Salifiable Bafes *. 


The Gallic acid+, formerly called the Principle 
of Aftringency, is obtained from gall.nuts, either 
by infufion or decoétion with water, or by dif- 
tillation with a very gentle heat. This acid 
has only been attended to within thefe few 
years. The committee of the Dijon Academy 
have followed it through all its combinations, 
and give the beft account of it hitherto produ- 
ced. Its acid properties are very weak ; it red- 
dens the tinure of turnfol, decompofes ful- 
phurets, and unites to all the metals, when they 
have been previoufly diflolved in {ome other 

acid. 


* Thefe combinations, which are called Gallats, were 
‘ all unknown to the. older chemifts; and the order of their 
affinity is not hitherto eftablifhed.—A. 


+ Till lately, the gallic acid was confounded with the 
tanin, or principle of aftringency, with which it is conta- 
minated or mixed. Thefe can be feparated, and poflefs 
very diftinét properties. For an account of canin, and 
the method of procuring pure gallic acid, fee Part I. 
Chap. XI, $ 1. 14. 
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acid. Iron, by this combination, is precipitated 
of a very deep blue or violet colour. The radi- 
cal of this acid, if it deferves the name of one, 
is hitherto entirely unknown; it is contained 
in oak, willow, marfh iris, the ftrawberry, nym- 
phæa, Peruvian bark, the flowers and bark of 
pomegranate, and in many other woods and 
barks. 


SEcT, XX XVIII. — Obfervations upon Laëélic 
Acid, and its Combinations with Salifiable 
Bajes *. 


The only accurate knowledge we have of this 
acid is from the works of Mr Scheele. It is 
contained in whey, united to a fmall quantity 
of earth, and is obtained as follows : Reduce 
whey to one-eighth part of its bulk by evapo- 
ration, and filtrate, to feparate all its cheefy 
matter, then:add as much lime as is necefflary 
to combine with the acid ; the lime is afterwards 
difengaged by the addition of oxalic acid, which 
combines with it into an infoluble neutral falt. 
When the oxalat of lime has been feparated by 
decantation, evaporate the remaining liquor to 

the 


* Thefe combinations are called Laëtats; they were all 
unknown to the older chemifts, and their affinities have 
not yet been afcertained.— À, 
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the confiftence of honey ; the la@ic acid is dif- 
folved by alcohol, which does not unite with 
the fugar of milk and other foreign matters ; 
thefe are feparated by filtration from the alco- 
hol and acid ; and the alcohol being evapora- 
ted or diftilled off, leaves the la@ic acid be- 
hind. 

This acid unites with all the falifiable bafes, 
forming falts which do not cryftallize ; and it 
feems confiderably to refemble the acetous acid. 


TABLE 
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Tage of the Combinations of Saccho-laétic Acid 
with the Salifiable Bafes, in the Order of Afi- 
nity. | 4 


Bafes. Neutral Salts. 
Lime Saccholat of lime. 
Barytes . barytes. 
Magnefia : magnefa. 
Potafh potafh. 
Soda foda. 
Ammoniac ammoniac. 
Argil argil. 
Oxyd of 

Zinc zinc. 

manganefe : manganefe, 

iron iron. 

lead lead. 

tin tin. 

cobalt cobalt. 

copper copper. 

nickel nickel. 

arfenic- arfenic, 

bifmuth bifmuth. 

mercury mercury. 

antimony antimony. 

filver filver. 


SECT. 


Note.» AI thefe were unknown to the older chemifts, 
cr À 
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Secr. XX XIX.—-Ob/ervations upon Saccho-laétio 
Acid, and îts Combinatiuns. 


À fpecies of fugar may be extracted, by eva- 
poration, from whey ; this fubftance has long 
been known in pharmacy, and has a confider- 
able refemblance to that procured from the 
fugar-cane. This faccharine matter, like or- 
dinary fugar, may be oxygenated by means of 
nitric acid : For this purpofe, feveral portions of 
nitric acid are diftilled from it; the remaining 
liquid is evaporated, and fet to cryftallize, by 
which means cryftals of oxalic acid are procu- 
red ; at the fame time, a very fine white pow- 
der precipitates, which is the faccho-lactic acid 
difcovered by Scheele. It is fufceptible of com- 
bining with all the alkalies, with the earths, 
and even with the metals: Îts action upon the 
latter is hitherto but little known, except that, 
with them, it forms difficuitiy foluble falts. 
The order of affinity in the table 15 taken from 
Bergman. 


TABLE 
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Tage of the Combinations of Formic Acid, with 
the Salifiable Bajes, in the Order of Affinity. 


\ 


Bafes. Neutral Salts. 
Barytes Formiat of barytes. 
Potafh _…  potafh. 
Soda foda. 
Lime lime. 
Magnefa magnefia. 
Ammoniac ammoniac. 
Oxyd of 

zinc zinc. 

manganefe manganefe, 

iron iron. 

lead | lead. 

tin tin. 

cobalt cobalt. 

copper ee copper. 
nickel | nickel. 
bifmuth bifmuth. 
filver filver. 
Argil argil. 


SECT. 


Note. Al unknown to the older chemifts.—A. 
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Secr. XL.—Obférvations upon Formic Acid, and 
its Combinations. 


This acid was firft obtained by diftillation 
from ants, in the laft century, by Samuel Fifher. 
The fubjeét was treated of by Margraffin 1740, 
and by Meffrs Ardwiffan and Ochrn of Leipfic 
in 1777. The formic acid is extracted from a 
large fpecies of red ants, formica rufa, Lin. 
which form large ant hills in woody places. It 
is procured, either by diftilling the ants with a 
gentle heat in a glafs retort or an alembic ; or, 
after having wafhed the ants in cold water, and 
dried them upon a cloth, by pouring on boiling 
water, which diffolves the acid ; or the acid may 
be procured by gentle expreflion from the in- 
fes, in which cafe it is fronger than in any 
of the former ways. To obtain it pure, we muft 
rectify, by means of diftillation, which feparates 
it from the uncombined oïly and charry matter ; 
and it may be eoncentrated‘by freezing, in the 
manner recommended for treating the acetous 
acid. 


Vox. I. C ç | SECT. 
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DECT. XLT.—Ob/ervations upon Bombic Acid, 
and its Combinations with Acidifiable Bafes *. 


The juices of the filk-worm feem to affume an 
acid quality when that inféct changes from the 
larva to the chryfalis ftate, At the moment of 
its efcape from the latter to the butterfly form, 
ît emitts a reddifh liquor, which redtlens blue pa- 
per, and which was firft attentivelÿ obferved by 
Mr Chaufier of the Dijon Academy : He ob- 
tained the acid by infufing filk-worm chryfalids 
in alcohol, which diflolves their acid without 
being charged, with any of the gummy parts 
of the infect ; and, by evaporating the alcohol, 
the acid remains tolerably pure. The proper 
ties and affinities of this acid are not hitherto 
afcertained with ‘any preciffon ; and we have 
realon to believe, that analogous acids may be 
procured from other infe@s. The radical of this 
acid is probably, like that of the other acids 
from the animal kingdom, compofed of carbon, 
hydrogen, and azot, with the addition, perhaps, 
of phofphorus. 


TABLE 
* Thefe combinations, ngmed Bombats, were unknown 


to the old chemifts ; and the affinities of the {ilifiable bafes 
with the bombic acid are hitherto undetermined.—A. 
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Tage of the Combinations of the Sebacic Acid 
with the Salifiuble Bafes, in the Order of Afi- 


nity. », 

Bafes. …. Noeutral Salts, 
Barytes Sebat of barytes. 
Potafh + potafh. 
Soda | … foda. 
Lime lime. 
Magnefia magnefia. 
Ammoniac + ammoniac. 
Argil | argil. 
Oxyd of 2 

zinc oginc. 

manganefe manganefe. 

iron | iron. 

lead lead. 

tin tin. 

cobalt cobalt. 

copper copper. 

” nickel nickel. 
arfenic ; arfenic. 
bifmuth bifmuth. 
mercury mercury. 
antimony antimonÿ. 
filver filver. 

C2] SECT': 


Note. All thefe were unknown to the old chemifis.—A, 
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Seçr. XLII.—Ob/ervations upon Sebacic Acid, 
and its Combinations. 


To obtain the febacic acid, let fome fuet bé 
melted in a fkillet over the fire, along with fome 
quick-lime in fine powder, and conftantly ftir- 
red, raifing the fire towards the end of the owpe- 
ration, and taking care to avoid the vapours, 
which are very offenfive. By this procefs the 
febacic acid unites with the lime into a febat of 
lime, which is difficultly foluble in water ; it is, 
however, feparated from the fatty matters with 
which it is mixed by folution in a large quantity 
of boiling water. From this the neutral falt is 
feparated by evaporation ; and, to render it pure, 
is caleined, re-diflolved, and again cryftallized. 
After this we pour on a proper quantity of ful- 
phurie acid, and the febacic acid pañles over by 
diftillation, 


SECT. 
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SecT. XLIIL.—0b/érvations upon the Lithic Acid, 
and its Combinations witb the Salifiable Bafes *. 


From the later experiments of Bergman and 
Scheele, the urinary calculus appears to be a fpe- 
cies of falt with an earthy bafs; it is flightly 
acidulous, and tequires a large quantity of wa- 
ter for folution, three grains being fcarcely fo« 
luble in a thoufand parts of boïling water, and 
the greater part again cryftallizes when cold. 
To this concrete acid, which Mr De Morveau 
calls the Lithiafic, we give the name of Lithic 
Acid, the nature and properties of which are hi- 
therto very little known. There is fome ap- 
pearance that it is an acidulous neutral falt, or 
acid combined in excefs with a falifiable bafe ; 
and I have reafon to believe that it really is an 
acidulous phofphat of lime; if fo, it muft be 
excluded from the clafs of peculiar acids, 


Cc3 TABLE 


* All the combinations of this acid, fhould it finally 
turn out to be one, were unknown to the older chemifts, 
and its affinities with the falifiable bafes have not been 
_ hitherto determined.…A, 
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Tage of the Combinations of the Prufic Acid 
with the S: He Bafes, in the Order of Afi- 
nity *. 


Bafès. Neutral Salts. 
Potafh Pruffiat of potafh. 
Soda | foda. 
Ammoniac ammoniac. 
Lime lime. 
Barytes barytes. 
Magnefia magnefia. 
Oxyd of 

zinc zinc. 

iron iron. 

manganefe manganefe. 

cobalt cobalt. 
nickel nickel, 
lead lead. 

tin tin. 

copper copper. 

bifmuth bifmuth. 
antimony antimony. 
arlenic arfenic. 
filver filver. 
mercury mercury. 
gold gold. 
platina platina. 


SECT. 


* All thefe were unknown to former chemifts.— A, 
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Secr. XLIV.—Obfervations upon the Pruffic 
Acid, and its Combinations. 


As the experiments which have been made 
 hitherto upon this acid feem ftill to leave a con- 
fiderable degree of uncertainty with regard to 
its nature, 1 fhall not enlarge upon its properties, 
and the means of procuring it pure and difen- 
gaged from combination. It combines with iron, 
to which it communicates a blue colour, and is 
-equally fufceptibie of entering into combination 
with moft of.the other metals, which are pre- 
cipitated from it by the fixed alkalies, ammoniac, 
and lime, in confequence of greater aflinity. The 
pruffic radical, from the experiments of Scheele, 
and efpecially from thofe of Berthollet, feems 
compofed of carbon and azot ; henceit is an acid 
with a double bafe. The phofphorus, which has 
been found combined with it, appears, from the 
experiments of Mr Haflenfratz, to be only acci- 
dental, 

© Although this acid combines with alkalies, 
earths, and metals, in the fame way with other 
acids, 1t pofiefles only fome of the properties we 
have been in ufe to attribute to acids, and it 
may confequentliy be improperiy ranked here 
in the clafs of acids; but, as [ have already ob- 
ferved, it is difficult to form a decided opinion . 

Cca4 upon 
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upon the nature of this fubftance, until the fub- 
jet has been farther elucidated by a greater num- 
ber of experiments. 


SECT. XLV.—Ob/fervations on Chromic Acid, and 
its Combinations with tbe Salifiable Bafes. 


‘ Chromum *# is a peculiar metal, which has 
lately been difcovered in the ftate of an acid, 
eômbined with lead, and with iron. It like- 
wife is found in the ftate of an oxyd, in the 
emerald, which owes its colour to the prefence 
6f this metal. The name whieh Vauquelin, 
its difcoverer, has chofen to diftinguifh it by, 
may be tranflated.the Colouring Metal, from its 
remarkable property of communicating fplendid 
colours to all or moft of the compounds into 
which it enters, either in the acid, oxyd, or me- 
tallic ftates. 

“ The chromic acid is of a fine ruby red co- 
Tour, and fhoots into prifmatic cryftals, which 
are foluble in water. It combines with all the 
alkalies, forming cryftallizable f{alts of a fine’ 
golden yellow colour ; and unites with lead and 
iron ; with the former, into beautiful ruby 
red cryftals. It is decompofible by means of 

the 


* This Section is added to the prefent edition by the 
ÆEranflator.—T, 
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the blowpipe, along with phofphoric acid, or 
borat of foda, into a green oxyd, which fufes 
with either of thefe fubftances into emeraldine 
vitreous globules. It is decompofed into a gréen 
oxyd by muriatic acid, which it oxygenates ; 
and likewife by means of the blowpipe, in con- 
tac with charcoal ; and is reducible to the me- 
tallic ftate, by bedding it in charcoal-powder, 
and making it undergo a ftrong heat. 

“ The order of its affinities are not yet af- 
certained ; but its combinations with falifiable 
bafes, may be denominated as follows : 





Bafes. Neutral Salts. 
Potafh Chromat of potafh. 
Soda : -— foda. 
Ammoniac ———-— ammoniac, 
Lead nm Jead #., 
Iron, &c.  ———— iron, &c. 


‘“ Only thefe mentioned above are hitherto 
known. The circumftances, as yet publifhed, 
refpecting its ftate of oxyd, and its reguline or 
metallic flate, are enumerated in Part I. Chap. 
XVI. Sect, VI.” 

: SECT. 

* 4 This fubflance has long beerr known, under the 
name of Red lead ore of Siberia. Itis extremely beautiful ; 
of a brilliant red colour, and in fmall cryftals on the fur- 
face of thin cakes, of what may be termed amorphous 
chromat of lead.”—T, 
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SECT. XLVI.—Obfervations on Zoonic Acid *. 


‘ Berthollet, in analyzing animal fubftances 
by deftructive diftillation, has Jatelÿ difcovered 
a peculiar acid, to which he gives the name of 
Zoonic. In the fluid, which diftils during the 
above procefs, it is found combined with am- 
monia, from which it is detached by adding 
lime. From this combination, it is feparated 
by phofpheric acid, which unites with the lime, 
and the zoonic acid comes over in diftillation. 
This acid may likewife be obtained by a fimilar 
procefs, from the gluten of wheat, and the yeaft 
of beer. It has a peculiar fmell and ftyptic 
tafte ; reddens blue vegetable colours ; caufes 
effervefcence with alkaline carbonats, and con- 
fequently has greater affinity with the alkalies 
than the carbonic acid. Its combinations may 
be named as under : 








Bafes. Neutral Salts. 
Potafh ‘Loonat of Potafh. 
Soda Soda. 
Ammonia, &c. ——" Amimonia, &c.’”? 
SECT. 


* The whole of this Seétion is added by the Tranflator 
to the prefent edivion.—1. 
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SecT. XLVII.—Obfervations on Suberic Acid *, 


‘“ This acid is procured from cork, by means 
of diftilling nitric acid from that fubftance, and 
probably might be obtained by a fimilar pro- 
cefs from other vegetable matters. The refi- 
duum, after the diftillation, and confequent de- 
compofñtion of the nitric acid, is expofed to mo- 
derate heat, until pungent fuffocating vapours 
begin to arile. Twice its weight of water is 
then added to the refiduum, and the heat con- 
tinued ; and, when cold, the folution of fube- 
ric acid is feparated from the infoluble refiduum 
by filtration. It may then be obtained folid, 
by evaporation ; is volatile, or capable of being 
fublimed, by heat; has a bitter acrid tafte; is 
foluble in water, and combines with the alka- 
lies, earths, and fome of the metals. Its order 
of affinities are not yet afcertained ; but its com- 
binations, with the falifiable bafes, may be na- 
med Suberats.” 


SECT. 


* This Section is added to the prefent edition by the 
Tranflator,—T, 
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SECT. XLVIII.—Recapitulation of the foregoing 
Obfervations on the Acids, and their Combina- 
tions *, 


‘6 It was thought, that it might be conducivé 
to the convenience and information of the read- 
er, to fubjoin the two following tables. The 
firft, which is only a recapitulation of what is 
contained in the foregoing feétions, gives a ge- 
neral view of the order of affinities, of the fa- 
lifiable bafes with the feveral acids, fo far as is 
_ hitherto known. Such acids as have à fimilar 

. order of affinity with thefe bafes, are placed to- 
gether, at the head of the fame column, and 
thofe of which the order of affinity, between 
them and the bafes, have not been hitherto afcer- 

tained, are omitted. 
“ The fecond table contains a fpecimen of a 
general view of the new chemical nomenclature, 
‘as applied to the heutral falts, both in Latin 
and Englifh. The firft column contains the 
names of the feveral acids ; the fecond is a Lift of 
the Latin terms for the neutral falts which thefe 
produce by union with the falifiable bafes, as pro- 
pofed in the new French chemical nomenclature; 
the 


* The whole of this feétion was added to the fecond 
edition by the Tranflator,—T, 
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the third is a fyftematic tranflation of thefe terms 
into Englifh, on exa@ly analogous principles : 
The fourth contains another fyftem of Latin no- 
menclature, founded on that of the French che- 
mifts, but following rather the plan of Bergman, 
as already noticed in fome notes ; the fifth and 
Jaft column is an analogous Englifh tranflation of 
thefe terms. 

‘ In the former of thefe tables, the nomen- 
clature recommended by Dr Black, as already 
mentioned in fome former notes, is adopted for 
the alkaline and earthy falifiable bafes ; in the 
latter, the nomenclature ufed by the French 
chemifts for thefe fubftances, is retained in the 
fecond and third fetions, but the propofed al- 
teration 1s introduced in the fourth and fifth, 
together with a fimilar alteration, likewife for- 
mérly mentioned in fome notes, for giving 
names to the metallic oxyds, to diftinguifh 
thefe from the reguline or perfettly fimple 
fate, analogous to alkalies. To tranflate this 
laft idea of nomenclature into Englifh, required 
fuch a violent change, that the ufual names of 
-the metals in Englifh are retained ; that, how. 
ever, can induce no ambiguity, as it muft be 
generally underftood that no metal can enter 
into combination with an acid, unlefs it be pre- 
- vioufly oxydated.”? | 


TABLE 
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TABLE or THE ACIDS IN THE ORDER or! 





























AFFINITY, 
I. II. III. IV. 
Nitrous, Nitric, 
Sulphurous, |Acetous, Ace- Nitro-muria 
Sulphuric, Mu-| tic, and For- | Boracic Acid. Acid. 
riatic, and Se-| mic Acids. it 
bacic Acid. 
Baryta. Baryta. ._ |Calca Arga. 
Lixa. Lixa. # Baryta Ammona. 
Trona. Trona. Magnefia Oxyds of 
Calca. Calca. Lixa. Antimony. 
Magnefa, Magnefa. Trona Silver. - 
IA mmona. Ammona. Ammona. Arfenic. 
Area. Oxyds of Oxyds of Baryta. 
Oxyds of ZAC. Zinc. Oxyd of 
Zanc. M:nganefe. Iron. Bifmuth. 
Iron. Iron. Lead, Calca. è 
Manganefe. Lead. Tin. Oxyds of | 
Cobalt. Fin. Cobalt. Cobalt. 
Nickel. Cobalt. Copper. Copper. 
Lead. Copper. Nickel. Tin. À 
Tin. Nickel. Mercur 7. Iron. 
Copper. Arfenic. Arga. Magnefia. 
Bifmuth. - Bifmuth. Oxyds of 
Antimony. Mercury. Manganefe. # 
Arfenic. Antimony. Mercury. 
Mercury. Silver. à Molybdena. $ 
Silver. Gold. Nickel. 
Gold. Platina, Gold. 
Platina. Arga. Platina. À 
Lead. 
Lixa. 
Trona. 
Oxyds of | 
< Tungftein. ! 
Zinc. 


FRIEND, OMS JDE CAE AUS DEEE GEESEENENRENINEN ENDURANCE 





OF CHEMISTRY. as 


ae VI. VII. 
hofphorous, Phof- L 
phoric, Tungftic, , 
Tartarous, Oxalic, Carbonic Acid, 






























Murioxic Acid. 

and Saccho-lattic s 

Acids. | 
Calca. Baryta. Baryta 
Baryta. | Calca Lixa. 
Magnefia. Érxa. Trona 

iXa | Tron2. | Calca. 
Trona. Magnefia. Magnefia 
Ammona Ammona. | Arga. 
Âtrga AEga. : : 
Oxys as in Col. I. Oiyds asin Col.I..| Oxyds as in Col. I. 

VIN. EX, X 
luoric and Arfeniac Citric Acid. | Pyro-lignous Acid. 
Acids 

Calc. Baryta Calca, 
Me ki Calca | | Baryta 

agnefia. | Magnefa. Lixa. 

1x2. Lixa. | Tronz. 

rona. Trona. Magnefia. 

mmona. | Ammona. | - Ammona. 
Oxyds as in Col. IT. | Oxydsasin Col. II. | Oxydsasin Col. II. 
Arga. | omitting l'in, Nickel, | Arga. 
| | and Biimuth. | 

ÂArga. 













2482 : À : XIII. 
yro-mucous Acid. Succinic Acid. Prufic Acid. 





1Xa. Baryta. | Lixa. 











rona Calca. Trona 

aryta | Lite. | Ammona. 

alca. | Trona. ” Calca. 

agnefa Ammona. | Baryta. 

mmonz | Magnefia. | Magnefa. 

rga. Arga. Oxyds as in Col. I. 
xyds as in Col. II. | Oxydsas in Col. I. | placing Silver before 
ittin - Silver, Gold, Mércury. 
d Platina. 
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TABLE or THE NOMENCLATURE 






















: [Oxygenated 
Nitric. 


Acetie, &c. 





nee ne nee 2e RO 

















——— àrgillæ 


.| Phofphis potaflæ 
| Phofphas fodæ 


* . - 
Nitris ammoniæ 


Nitras argenti 
K 


——-- auri oOXygenata 


Murias mercurii 


—— potaffæ oxygenata 


Boras fodæ 
Acetis ammoniæ 


Acetas cupri, &c. 














Lavoifer. 
GE A de | à di Englifh. + 
Sulphis potaffæ Sulphite of potafh 
ri fodæ ———- of foda 
—-—— ammoniæ ——— of ammoniac 
Sulphas calcis | Sulphat of lime 
| magneñæ — of magnefa 
barytæ ——— of barytes 


RAS ARE of argil 
Phofphite of potafh 
Phofphat of foda 


Nitrite of ammoniac 


| Nitrat of filver 


Oxygenated nitrat of 
gold 


Muriat of mercury 


Oxygenated muriat of]. 
potafh 


Borat of foda 
Acetite of ammoniac 


Acetat of copper, &c. 
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OF THE NEUTRAL SALTS. 


Latin. 





Lixa fulphurofa 
Trona fulphurofa 
Ammona fulphurofa 
Calca fulphurica | 
|Magnefa Rishodee 
Baryta fulphurica 
{Arga fulphurica 
Lixa phofphorofa 
Trona phofphorica 
Ammona nitrofa 

| Argenta nitrica 


Aura nitroxica 


Mercuria muriatica 


Lixa murioxica 


Trona boracica 
Ammona acetofa 


Cupra acetica, &c. 


Propofed Alteration. 
— ————@?——————————— ———————— 





Se meet eee comm | - un, acer mm ue à memes ne eee 








ee DRE MAS +2 me | 
E 





Englifh. 


Sulphurous lixa 


-———- ammona 
sulphuric calca 
———— magnefa 





baryta 
FADIT JENE" 
Phofphorous lixa 
Phofphoric trona 
Nitrous ammona 
Nitric filver 


Nitroxic gold 


Muriatic Mercury 
Murioxic lixa 


f 
Boracic trona 
\ 


Acetous ammona 


Acetic copper, &c. 


mem 
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